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the master piston is positioned in a Second master position. 
The track tensioning assembly also includes a Slave piston 
having a first end positioned within the main chamber and a 
Second end extending out of the main housing so as to be 
mechanically coupled to the drive track chain. The Slave 
piston (i) increases tension on the drive track chain when the 
Slave piston is positioned in a first slave position, and (ii) 
decreases tension on the drive track chain when the Slave 
piston is positioned in a Second slave position. Movement of 
the master piston from the first master position to the Second 
master position causes movement of the Slave piston from 
the first Slave position to the Second Slave position. 

16 Claims, 15 Drawing Sheets 
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TRACK TENSIONING ASSEMBLY FOR 
ADJUSTING TENSION ON A DRIVE TRACK 
CHAIN OF A WORK MACHINE HAVING AN 
ACTUATOR WHICH INCLUDES A PAR OF 
CONCENTRICALLY ARRANGED PSTONS 

CROSS REFERENCE 

CroSS reference is made to copending U.S. patent appli 
cations Ser. No. 09/464,964, entitled “ Apparatus and 
Method for Adjusting Tension of a Drive Track Chain of a 
Work Machine Which Utilizes a Sensor for Sensing Position 
of an Undercarriage Component” by Thomas E. Oertley; 
Ser. No. 09/464,963, entitled “Valve Assembly For Control 
ling Actuation of an Actuator of a Track Tensioning System” 
by Thomas E. Oertley; Ser. No. 09/464,965, entitled “Appa 
ratus and Method for operating a Hydraulic Excavator 
Which Has a Position Sensor for Sensing Position of an Idler 
Wheel” by Thomas E. Oertley; Ser. No. 09/465,467, entitled 
"Apparatus and Method for operating a Track Tensioning 
Assembly of a Hydraulic Excavator” by Thomas E. Oertley; 
and Ser. No. 09/464,966, entitled “Track Tensioning Assem 
bly for Adjusting Tension on a Drive Track Chain of a Work 
Machine Having a Slack Adjuster Device Associated There 
with by Clifford E. Miller, each of which is assigned to the 
Same assignee as the present invention, and each of which is 
filed concurrently herewith. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to a drive track 
chain of a work machine, and more particularly to a track 
tensioning assembly for adjusting tension on a drive track 
chain of a work machine having an actuator which includes 
a pair of concentrically arranged pistons. 

BACKGROUND OF THE INVENTION 

A work machine, Such as a track-type tractor or excavator, 
is typically Supported and propelled by a pair of undercar 
riage assemblies, each one of which includes an endleSS 
drive track chain having a plurality of interconnected articu 
lating components or linkS. The undercarriage assembly 
typically also includes a drive Sprocket and one or more idler 
wheels, around each of which the drive track chain is 
advanced. 

During operation of the work machine, it is necessary to 
maintain tension on the drive track chain in order to keep the 
chain from derailing from the drive Sprocket and/or the idler 
rollers. In order to maintain tension on the drive track chain, 
a tension adjustment mechanism Such as a hydraulic cylin 
der or coiled Spring is often included in heretofore designed 
undercarriages. In particular, the cylinder or coiled Spring 
urges the front idler roller in a direction away from the rear 
idler roller (or rear drive Sprocket in the case of an 
excavator) thereby creating tension on the track chain. 

Over a period of time, a number of the components 
asSociated with the undercarriage assembly, Such as the links 
and bushings of the drive track chain and even the idler 
rollers themselves, begin to wear thereby creating Slack in 
the drive track chain. In order to remove the slack from the 
drive track chain, it is necessary to increase the tension of the 
track chain. Such an increase in the tension is generally 
accomplished by manually injecting or otherwise inserting a 
material, Such as grease, into the tension adjustment mecha 
nism associated with the undercarriage assembly. 

The use of Such tension adjustment mechanisms has a 
number of drawbacks associated there with. For example, 
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2 
manual injection of grease into the Slack adjustment mecha 
nism is a labor intensive task which can often lead to a 
decrease in the efficiency associated with operation of the 
work machine. Moreover, the drive track chain may inad 
vertently be operated for a period of time with excessive 
Slack therein. This is true Since the drive track chain may be 
operated with excessive slack from the point in time in 
which slack is first introduced into the track chain until the 
point in time in which the tension is manually increased. 
Such excessive Slack may cause irregular wear of a number 
of the components associated with the undercarriage assem 
bly. Moreover, Such excessive Slack may also cause the drive 
track chain to derail during movement of the work machine 
thereby reducing the efficiency of the work machine due to 
the delays caused by repair of the undercarriage assembly. 

In order to avoid the problems associated with excessive 
Slack in the drive track chain, heretofore designed under 
carriage assemblies have been operated with relatively large 
amounts of tension on the drive track chain. However, 
operation of the undercarriage assembly with a relatively 
taut track chain during advancement of the work machine 
increases the rate at which components associated with the 
undercarriage assembly wear thereby potentially reducing 
the useful life of the undercarriage assembly. 

Moreover, with particular regard to excavators, it is 
generally desirable to have the drive track chain relatively 
taut during performance of a digging or other type of work 
function in order to prevent the excavator from rolling back 
and forth within the interior of the drive track chain as a 
result of recoil forces generated during performance of the 
digging operation. Hence, a relatively high tension level is 
typically maintained on the drive track chains of excavators 
at all times even though it is known that use of Such a high 
tension level increases the rate at which components asso 
ciated with the undercarriage assembly wear during 
advancement of the excavator. 
What is needed therefore is a track tensioning assembly 

which overcomes one or more of the above-mentioned 
drawbackS. 

DISCLOSURE OF THE INVENTION 

In accordance with a first embodiment of the present 
invention, there is provided a track tensioning assembly for 
adjusting tension on a drive track chain of a work machine. 
The track tensioning assembly includes a main housing 
defining a main chamber. The track tensioning assembly also 
includes a recoil piston positioned within the main chamber. 
The recoil piston has a recoil central passage defined therein. 
The track tensioning assembly further includes a master 
piston Secured within the recoil central passage. The master 
piston (i) increases fluid pressure in the main chamber when 
the master piston is positioned in a first master position, and 
(ii) decreases fluid pressure within the main chamber when 
the master piston is positioned in a Second master position. 
The track tensioning assembly also includes a Slave piston 
having a first end positioned within the main chamber and a 
Second end extending out of the main housing So as to be 
mechanically coupled to the drive track chain. The Slave 
piston (i) increases tension on the drive track chain when the 
Slave piston is positioned in a first slave position, and (ii) 
decreases tension on the drive track chain when the Slave 
piston is positioned in a Second slave position. Movement of 
the master piston from the first master position to the Second 
master position causes movement of the Slave piston from 
the first Slave position to the Second Slave position. 

In accordance with a Second embodiment of the present 
invention, there is provided an undercarriage assembly of a 
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work machine. The undercarriage assembly includes an idler 
wheel and a drive track chain which is advanced around the 
idler wheel. The undercarriage assembly also includes a 
track tensioning assembly for adjusting tension on the drive 
track chain. The track tensioning assembly has (i) a main 
housing defining a main chamber, (ii) a recoil piston posi 
tioned within the main chamber, the recoil piston having a 
recoil central passage defined therein, (iii) a master piston 
positioned within the recoil central passage, the master 
piston (a) increases fluid pressure in the main chamber when 
the master piston is positioned in a first master position, and 
(b) decreases fluid pressure within the main chamber when 
the master piston is positioned in a Second master position, 
and (iv) a slave piston having a first end positioned within 
the main chamber and a Second end extending out of the 
main housing So as to be mechanically coupled to the idler 
wheel, the slave piston (a) urges the idler wheel in a first 
direction So as to increase tension on the drive track chain 
when the Slave piston is positioned in a first Slave position, 
and (b) urges the idler wheel in a Second direction So as to 
decrease tension on the drive track chain when the Slave 
piston is positioned in a Second slave position. Movement of 
the master piston from the first master position to the Second 
master position causes movement of the Slave piston from 
the first Slave position to the Second Slave position. 

In accordance with a third embodiment of the present 
invention, there is provided a work machine. The work 
machine has an idler wheel and a drive track chain which is 
advanced around the idler wheel. The work machine also 
includes a track tensioning assembly for adjusting tension on 
the drive track chain. The track tensioning assembly has (i) 
a main housing defining a main chamber, (ii) a master piston 
positioned within the main chamber, the master piston (a) 
increases fluid preSSure in the main chamber when the 
master piston is positioned in a first master position, and (b) 
decreases fluid preSSure within the main chamber when the 
master piston is positioned in a Second master position, and 
(iii) a slave piston having a first end positioned within the 
main chamber and a Second end extending out of the main 
housing So as to be mechanically coupled to the idler wheel, 
the slave piston (a) urges the idler wheel in a first direction 
So as to increase tension on the drive track chain when the 
Slave piston is positioned in a first Slave position, and (b) 
urges the idler wheel in a Second direction So as to decrease 
tension on the drive track chain when the Slave piston is 
positioned in a Second Slave position. The work machine 
also includes a hydraulic drive System for driving the drive 
track chain, the hydraulic System is operable in (i) an 
actuated mode of operation in which the hydraulic drive 
System drives the drive track chain, and (ii) a deactuated 
mode of operation in which the hydraulic drive System is 
idle. The master piston is positioned in the first master 
position when the hydraulic drive System is operated in the 
deactuated mode of operation. The master piston is posi 
tioned in the Second master position when the hydraulic 
drive System is operated in the actuated mode of operation. 
Movement of the master piston from the first master position 
to the Second master position causes movement of the Slave 
piston from the first Slave position to the Second Slave 
position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of a track-type tractor 
which incorporates the features of the present invention 
therein; 

FIG. 2 is an enlarged side elevational view of the under 
carriage assembly of the tractor of FIG. 1; 
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4 
FIG. 3 is cross sectional view of the frame assembly of the 

undercarriage assembly taken along the line 3-3 of FIG. 2, 
as viewed in the direction of the arrows; 

FIG. 4 is an enlarged fragmentary croSS Sectional view 
taken along the line 4-4 of FIG. 3, as viewed in the 
direction of the arrows (note that a number of the compo 
nents shown in FIG. 4 are not shown in cross section for 
clarity of description); 

FIG. 5 is an enlarged fragmentary croSS Sectional view of 
the valve group assembly of the undercarriage assembly of 
FIG. 4; 

FIG. 6 is a simplified block diagram of a portion of the 
tractor of FIG. 1; 

FIG. 7 is a side elevational view of an excavator which 
incorporates the features of the present invention therein; 

FIG. 8 is an enlarged, partially cutaway Side elevational 
view of the undercarriage assembly of the excavator of FIG. 
7; 

FIG. 9 is a cross sectional view of the of the undercarriage 
assembly of FIG. 8 which shows the track tensioning 
assembly positioned in its retracted position (note that the 
control valve is schematically shown in FIG. 9 for clarity of 
description); 

FIG. 10 is a view similar to FIG. 9, but showing the track 
tensioning assembly positioned in its extended position; 

FIG. 11 is a schematic view of a second embodiment of 
a track tensioning assembly which incorporates the features 
of the present invention therein, note that in FIG. 11, the 
track tensioning assembly is shown positioned in its 
retracted position; 

FIG. 12 is a view similar to FIG. 11, but showing the track 
tensioning assembly positioned in its extended position; 

FIG. 13 is a cross sectional view of the slack adjuster 
device of the track tensioning assembly of FIG. 11 which 
shows the Slack adjuster assembly positioned in its 
increased-tension position (note that a number of the com 
ponents associated with the Slack adjuster device are not 
shown in cross Section for clarity of description); 

FIG. 14 is a view similar to FIG. 13 but showing the slack 
adjuster device positioned in its decreased-tension position; 
and 

FIG. 15 is a schematic view of a third embodiment of a 
track tensioning assembly which incorporates the features of 
the present invention therein. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

While the invention is susceptible to various modifica 
tions and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and 
will herein be described in detail. It should be understood, 
however, that there is no intent to limit the invention to the 
particular forms disclosed, but on the contrary, the intention 
is to cover all modifications, equivalents, and alternatives 
falling within the Spirit and Scope of the invention as defined 
by the appended claims. 

Referring now to FIG. 1, there is shown a work machine 
such as a track-type tractor 10 which is utilized to perform 
numerous work functions Such as earth moving and ripping. 
The track-type tractor 10 includes a number of work imple 
ments Such as a hydraulically-powered blade assembly 12 
and a hydraulically-powered ripper 14. The track-type trac 
tor 10 further includes an engine such as a diesel engine 60 
for providing the motive power for both advancing the 
tractor and operating the blade assembly 12 and the ripper 
14. 
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The track-type tractor 10 also includes an undercarriage 
assembly 16. The undercarriage assembly 16 includes a 
frame assembly 18, a drive sprocket 20, a front idler wheel 
22, a rear idler wheel 24, and a number of midroller 
assemblies 26. An endless drive track chain 28 is driven by 
the drive sprocket 20 so as to be advanced around each of the 
front idler wheel 22, the rear idler roller 24, and the 
midroller assemblies 26 thereby providing the motive power 
for the work machine. In particular, mechanical output from 
the engine 60 is transmitted to the drive sprocket 20 via a 
transmission assembly (not shown) thereby driving the drive 
sprocket 20 so as to advance the drive track chain 28 and 
hence the track-type tractor 10. It should be appreciated that 
although only one side of the track-type tractor 10 is shown 
in FIG. 1, the other side of the tractor 10 would also include 
an undercarriage assembly 16 having Similar components as 
those shown in FIG. 1 (e.g. a frame assembly 18, drive 
sprocket 20, idler wheels 22, 24, midroller assemblies 26, 
and drive track chain 28). 
The track-type tractor 10 also includes a cab 30. The cab 

30 is provided to enclose or otherwise house the devices 
associated with the track-type tractor 10 which are utilized 
by an operator during operation of the track-type tractor 10. 
In particular, the cab 30 houses an operator Seat (not shown) 
and a control assembly which includes, for example, a 
Steering wheel and foot pedal assembly (not shown). 
As shown in more detail in FIGS. 2-5, the frame assembly 

18 of the undercarriage assembly 16 includes a front frame 
member 32 and a rear frame member 34. The front frame 
member 32 is movable relative to the rear frame member 34. 
In particular, as shown in FIGS. 3 and 4, the front frame 
member 32 is slidably secured to the rear frame member 34. 
More specifically, the front frame member 32 has a receiving 
slot 36 defined therein. The receiving slot 36 receives an 
elongated extension tab 38 that is defined in an intermediate 
frame member 40. As shown in FIG. 3, the intermediate 
frame member 40 is non-movably secured to the rear frame 
member 34. The extension tab 38 is free to slide within the 
receiving slot 36 thereby allowing the front frame member 
32 to slide relative to the intermediate frame member 40 and 
hence the rear frame member 34. 
Movement of the front frame member 32 relative to the 

rear frame member 34 causes corresponding movement of 
the idler wheels 22, 24 relative to one another. In particular, 
the front idler wheel 22 is rotatably secured to the front 
frame member 32 via a yoke 180, whereas the rear idler 
wheel 24 is rotatably coupled to the rear frame member 34 
via a support arm 38. Hence, when the front frame member 
32 is moved relative to the rear frame member 34 in a 
forward direction (i.e. in the general direction of arrow 42 of 
FIG. 2), the front idler wheel 22 is likewise moved relative 
to the rear frame member 34 and hence the rear idler wheel 
24 in the forward direction. Conversely, when the front 
frame member 32 is moved relative to the rear frame 
member 34 in a rearward direction (i.e. in the general 
direction of arrow 44 of FIG. 2), the front idler wheel 22 is 
likewise moved relative to the rear frame member 34 and 
hence the rear idler wheel 24 in the rearward direction. 
As shown in FIG. 4, the frame assembly 18 further 

includes an actuator 46 Such as a hydraulically-powered 
piston assembly for moving the front frame member 32 
relative to the rear frame member 34. In particular, the 
actuator 46 includes a piston 48 which is mechanically 
Secured to the front frame member 32 via a coupling 
member 50. An end portion 52 of the piston 48 is received 
into a fluid chamber 54 defined in a cylinder housing 56. The 
cylinder housing 56 is in turn Secured to the rear frame 
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6 
member 34. Changes in fluid pressure within the fluid 
chamber 54 causes movement of the piston 48 and hence the 
front frame member 32 relative to the rear frame member 34. 
In particular, an increase in fluid pressure within the fluid 
chamber 54 causes the piston 48 and hence the front frame 
member 32 to be moved in the forward direction (i.e. in the 
general direction of arrow 42 of FIGS. 2 and 4), thereby 
causing the front idler wheel 22 to be likewise moved 
relative to the rear frame member 34 (and hence the rear 
idler wheel 24) in the forward direction. Conversely, a 
decrease in fluid pressure within the fluid chamber 54 causes 
the piston 48 and hence the front frame member 32 to be 
moved in the rearward direction (i.e. in the general direction 
of arrow 44 of FIGS. 2 and 4), thereby causing the front idler 
wheel 22 to be likewise moved relative to the rear frame 
member 34 (and hence the rear idler wheel 24) in the 
rearward direction. 

Fluid pressure within the fluid chamber 54 is controlled 
by a valve group 58. As shown in FIGS. 4 and 5, the valve 
group 58 includes a housing 62 which has a fluid inlet 64 and 
a fluid outlet 66 defined therein. The fluid inlet 64 is fluidly 
coupled to a pressurized hydraulic fluid source 68 via a fluid 
line 70, whereas the fluid outlet 66 is fluidly coupled to a 
hydraulic reservoir 72 via fluid line 74. The pressurized 
hydraulic fluid source 68 may be any of the fluid circuits 
associated with the track-type tractor 10, As shall be dis 
cussed below in greater detail, the design of the valve group 
58 enables use of a relatively low pressure fluid source as the 
pressurized hydraulic fluid source 68. For example, fluid 
pressure from the hydraulic transmission (not shown) of the 
track-type tractor 10 preferably functions as the pressurized 
hydraulic fluid source 68 thereby providing for a flow of 
pressurized hydraulic fluid at relatively low pressure (e.g. 
400 psi). It should be appreciated that use of a relatively low 
preSSure Source Such as the hydraulic transmission elimi 
nates the need to utilize hydraulic fluid pressure from 
high-pressure, highly-utilized hydraulic Systems Such as the 
fluid circuits which power the work implements of the 
tractor 10 such as the blade assembly 12 and the ripper 14. 
The valve housing 62 also has a master chamber 76 and 

a slave chamber 78 defined therein. A first end portion 82 of 
the master chamber 76 is fluidly coupled to the fluid inlet 64 
via a fluid passage 80. Hence, pressurized hydraulic fluid is 
advanced from the pressurized hydraulic fluid source 68 is 
advanced to the master chamber 76 via a fluid path which 
includes the fluid line 70, the fluid inlet 64, and the fluid 
passage 80. A second end portion 84 of the master chamber 
76 is fluidly coupled to the fluid outlet 66 via a fluid passage 
86. Hence, hydraulic fluid is advanced from the master 
chamber 76 to the fluid reservoir 72 via a fluid path which 
includes the fluid passage 86, the fluid outlet 66, and the 
fluid line 74. Moreover, the master chamber 76 is fluidly 
coupled to the slave chamber 78 via a fluid passage 88. 
The valve group 58 includes a master valve assembly 90 

having a master valve member 92, along with a slave valve 
assembly 94 having a slave piston 96. As shown in FIG. 5, 
the master valve member 92 is positioned in the master 
chamber 76 and has three separate valve sections 98, 100, 
102. The master valve member 92 may be selectively 
positioned in order to selectively provide for a flow of 
pressurized hydraulic fluid to the slave chamber 78. In 
particular, the master valve assembly 90 is an electrically 
actuated valve assembly having an electrically-actuated 
Solenoid 104. Actuation of the Solenoid 104 urges the master 
valve member 92 leftwardly (as viewed in FIG. 5) into a 
position in which the master chamber 76 is placed in fluid 
communication with the slave chamber 78. In particular, 
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actuation of the Solenoid 104 urges the master valve member 
92 leftwardly (as viewed in FIG. 5) so as to allow pressur 
ized hydraulic fluid to flow through the fluid inlet 64, the 
fluid passage 80, the master chamber 76, the fluid passage 
88, and into the slave chamber 78. Note that when the master 
valve member 92 is urged leftwardly in such a manner, the 
valve sections 100 and 102 prevent hydraulic fluid from 
being advanced through a pair of branches 106, 108, 
respectively, of the fluid line 86 thereby isolating the master 
chamber 76 from the reservoir 72. 

Conversely, deactuation of the Solenoid 104 urges the 
master valve member 92 rightwardly (as viewed in FIG. 5) 
into a position in which the first portion 82 of the master 
chamber 76 is isolated from the slave chamber 78. In 
particular, deactuation of the Solenoid 104 urges the master 
valve member 92 rightwardly (as viewed in FIG. 5) into its 
position as shown in FIG. 5 in which the valve section 98 
prevents pressurized hydraulic fluid from flowing from the 
master chamber 76 to the slave chamber 78 via the fluid 
passage 88. Note that when the master valve member 92 is 
urged rightwardly in Such a manner, hydraulic fluid is 
allowed to advance through the branches 106, 108 of the 
fluid line 86 thereby draining any fluid within the second end 
portion 84 of the master chamber 76 to the reservoir 72. 

The slave piston 96 is positioned in the slave chamber 78 
thereby dividing the slave chamber 78 into a spring chamber 
portion 110 and a high-pressure chamber portion 112. A 
biasing Spring 114 is positioned in the Spring chamber 
portion 110 having a first end positioned in contact with the 
Valve housing 62 and a Second end positioned in contact 
with an outer surface of the master piston 96. The biasing 
Spring 114 is provided to bias or otherwise urge the master 
piston 96 leftwardly (as viewed in FIG. 5) and into contact 
with a piston stop 116. 

The slave piston 96 is preferably embodied as a stepped 
piston having a first end portion 118 and a Second end 
portion 120. The first end portion 118 is positioned within 
the spring chamber portion 110 of the slave chamber 78, 
whereas the second end portion 120 of the slave piston 96 is 
positioned in the high-pressure chamber portion 112 of the 
slave chamber 78. As shown in FIG. 5, the diameter of the 
first end portion 118 of the slave piston 96 is greater than the 
diameter of the second end portion 120 of the slave piston 
96. Such a configuration allows a relatively high output fluid 
preSSure to be generated from a relatively Small input fluid 
pressure. In particular, the first end portion 118 of the slave 
piston has a fluid contact Surface 122, whereas the Second 
end portion 120 of the slave piston has a fluid contact surface 
124. The Surface area of the fluid contact Surface 122 is 
preferably approximately ten times greater than the Surface 
area of the fluid contact Surface 122. Hence, fluid pressure 
created by the second end portion 120 of the slave piston 96 
is approximately ten times greater than the fluid pressure 
exerted on the fluid contact Surface 122 of the first end 
portion 118 of the slave piston 96. For example, if hydraulic 
fluid pressurized to 400 pounds-per-Square-inch is exerted 
on the first fluid contact surface 122 of the first end portion 
118 of the slave piston 96, the pressure of the hydraulic fluid 
in the high-pressure chamber portion 112 of the Slave 
chamber 78 will be increased to approximately 4,000 
pounds-per-Square-inch. 

The slave chamber 78 also defines a fluid outlet 126 
having a check valve assembly 128 positioned therein. The 
check valve assembly 128 has a ball 130 which is biased into 
a valve seat 132 by a biasing spring 134. The check valve 
assembly 128 is held in position within the valve housing 62 
by a threaded cap 136. The valve housing 62 also has a fluid 
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port 138 defined therein. The fluid port 138 is fluidly coupled 
to a fluid port 140 (see FIG. 4) defined in the cylinder 
housing 56 thereby placing the high-pressure chamber por 
tion 112 of the slave chamber 78 in fluid communication 
with the fluid chamber 54 of the actuator 46. The check 
valve assembly 128 has a closed check position (as shown) 
in which the ball 130 is urged into contact with the valve seat 
132 by the spring 134 thereby isolating the fluid chamber 54 
of the actuator 46 from the high-pressure chamber 112 of the 
slave chamber 78. The check valve assembly 128 also has an 
open check position in which the ball 130 is urged right 
wardly (as viewed in FIG. 5) so as to allow fluid to advance 
from the high-pressure chamber portion 112 of the slave 
chamber 78 to the fluid chamber 54 of the actuator 46. AS 
shall be discussed below in greater detail, the ball 130 may 
be urged rightwardly in order to position the check valve 
assembly 128 into its open check position by the presence of 
fluid pressure of a predetermined magnitude within the 
high-pressure chamber portion 112 of the slave chamber 78. 
The ball 130 may also be urged rightwardly in order to 
position the check valve assembly 128 into its open check 
position by a contact protrusion 176 defined in the second 
end portion of the slave piston 96 during movement of the 
slave piston 96. 
The valve group 58 also includes a pair of electrically 

actuated control valves 142, 144. The control valve 142 
selectively allows pressurized hydraulic fluid to be advanced 
from the pressurized hydraulic fluid source 68 (see FIG. 4) 
to the high-pressure chamber portion 112 of the slave 
chamber 78. In particular, the inlet of the control valve 142 
is fluidly coupled to the fluid inlet 64 of the valve housing 
62, whereas the outlet of the control valve 142 is fluidly 
coupled to the high-pressure chamber portion 112 of the 
slave chamber 78 via a fluid passage 146. The control valve 
142 has a closed control position (as shown in FIG. 5) and 
an open control position. In particular, the control valve 142 
includes an electrically-actuated Solenoid 148 which, upon 
actuation thereof, causes the control valve 142 to shift from 
its closed control position to its open control position. 
Deactuation of the Solenoid 148 cause the control valve 142 
to shift from its open control position to its closed control 
position. It should be appreciated that when the control valve 
142 is positioned in its closed control position, the high 
pressure chamber portion 112 of the slave chamber 78 is 
isolated from the fluid inlet 64 (and hence the pressurized 
hydraulic fluid source 68), whereas when the control valve 
142 is positioned in its open control position, the high 
pressure chamber portion 112 of the slave chamber 78 is 
fluidly coupled to the fluid inlet 64 (and hence the pressur 
ized hydraulic fluid source 68). 
The control valve 144 selectively allows hydraulic fluid to 

be exhausted or otherwise drained from the high-pressure 
chamber portion 112 of the slave chamber 78 to the reservoir 
72. In particular, the inlet of the control valve 144 is fluidly 
coupled to the high-pressure chamber portion 112 of the 
slave chamber 78 via a fluid passage 150, whereas the outlet 
of the control valve 144 is fluidly coupled to the fluid outlet 
66 of the valve housing 62. The control valve 144 has a 
closed control position (as shown in FIG. 5) and an open 
control position. In particular, Similarly to the control valve 
142, the control valve 144 includes an electrically-actuated 
Solenoid 152 which, upon actuation thereof, causes the 
control valve 144 to shift from its closed control position to 
its open control position. Deactuation of the Solenoid 152 
cause the control valve 142 to shift from its open control 
position to its closed control position. It should be appreci 
ated that when the control valve 144 is positioned in its 
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closed control position, the high-pressure chamber portion 
112 of the slave chamber 78 is isolated from the fluid outlet 
66 (and hence the reservoir 72), whereas when the control 
Valve 144 is positioned in its open control position, the 
high-pressure chamber portion 112 of the slave chamber 78 
is fluidly coupled to the fluid outlet 66 (and hence the 
reservoir 72). 
As shown in FIG. 4, a position sensor 154 is positioned 

within the frame assembly 16 in order to monitor the 
position of a number of undercarriage components relative 
to one another. In particular, the position Sensor 154 is 
provided to sense the position of the front frame member 32 
relative to the rear frame member 34. As shall be discussed 
below in greater detail, the position of the front frame 
member 32 relative to the rear frame member 34 may be 
utilized to provide “closed loop” control of the tension on 
the drive track chain 28. 

The position sensor 154 may be provided as any type of 
Sensor which is capable of Sensing the position of the front 
frame member 32 relative to the rear frame member 34. In 
an exemplary embodiment, the position Sensor 154 is pro 
Vided as a linear displacement transducer which Senses the 
linear distance between a Sensing location associated with 
the rear frame member 34 and a Sensing location associated 
with the front frame member 32. For example, as shown in 
FIG. 4, the position sensor 154 may be utilized to sense a 
linear distance D between the location on the cylinder 
housing 56 at which the Sensor 154 is secured (e.g. a sensing 
location associated with the rear frame member 34) and a 
designated Sensing location 156 associated with the front 
frame member 32. One commercially available sensor 
which is particularly useful as the position sensor 154 of the 
present invention is a Series BTL-2 Linear Displacement 
Transducer which is commercially available Balluff, Incor 
porated of Florence, Ky. 

Referring now to FIG. 6, there is shown a simplified block 
diagram of a track tensioning control System 158 of the 
track-type tractor 10. As shown in FIG. 6, the master valve 
assembly 90, the inlet control valve 142, the outlet control 
valve 144, and the position sensor 154 are each electrically 
coupled to a processing unit Such as a controller 160. The 
controller 160 may be a dedicated controller for controlling 
the components shown in FIG. 6, or may alternatively be 
integrated into another controller associated with the track 
type tractor 10 Such as the engine controller (not shown), 
transmission controller (not shown), or implement controller 
(not shown). 

The controller 160 includes electrical components com 
monly found in other work machine controllerS Such as a 
microprocessor 162, a memory device 164, and an interface 
circuit 166. The interface circuit 166 converts the output 
Signals from the position Sensor 154 into a Signal which is 
Suitable for presentation to an input of the microprocessor 
162. In particular, an analog-to-digital (A/D) converter (not 
shown) associated with the interface circuit 166 converts the 
analog Voltage or other type of output Signal generated by 
the position sensor 154 into a digital value for use by the 
microprocessor 162. It should be appreciated that the mag 
nitude of the analog Voltage generated by the position Sensor 
154 is indicative of the linear distance D between the front 
frame member 32 and the rear frame member 34. 

The interface circuit 166 also converts output signals 
generated by the microprocessor 162 into a Signal which is 
suitable for use by the Solenoids 104,148, 152 associated 
with the valves 90, 142,144, respectively. In particular, the 
interface circuit 166 converts the output Signals from the 
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microprocessor into an analog actuation pulse which actu 
ates the Solenoids 104, 148, 152 thereby positioning the 
valves 90, 142, 144, respectively, into their respective actu 
ated positions described above. It should be further appre 
ciated that the interface circuit 166 may be embodied as a 
discrete device or number of devices, or may be integrated 
into the microprocessor 162. 
The memory device 164 is provided to store the code or 

set of instructions which are executed by the controller 160 
during operation of the track tensioning control System 158. 
Moreover, operation parameters may also be Stored in the 
memory device 164. The memory device 164 may be 
embodied as any known memory device such as RAM 
and/or ROM devices. 
As shown in FIG. 6, the position sensor 154 is electrically 

coupled to the controller 160 via a signal line 168. Hence, 
output Signals generated by the position Sensor 154 are 
communicated to the controller 160 via the signal line 168. 
AS discussed above, Such output signals may be generated 
and thereafter communicated by the position Sensor in 
numerous forms. For example, the position Sensor 154 may 
generate output signals in the form of an analog DC voltage 
or in the form of a signal utilizing current-to-pulse signal 
timing. 
The master valve assembly 90 is also electrically coupled 

to the controller 160. In particular, the Solenoid 104 of the 
master valve assembly 90 is electrically coupled to the 
controller 160 via a signal line 170. Hence, the controller 
160 generates output Signals in the form of actuation pulses 
on the signal line 170 which actuate the Solenoid 104 thereby 
urging the master valve member 92 leftwardly (as viewed in 
FIG. 5) into a position in which the master chamber 76 is 
placed in fluid communication with the slave chamber 78 so 
as to allow pressurized hydraulic fluid to flow through the 
fluid inlet 64, the fluid passage 80, the master chamber 76, 
the fluid passage 88, and into the slave chamber 78. As 
discussed above, when the master valve member 92 is urged 
leftwardly in such a manner, the valve sections 100 and 102 
prevent hydraulic fluid from being advanced through a pair 
of branches 106, 108, respectively, of the fluid line 86 
thereby isolating the master chamber 76 from the reservoir 
72. 
When the controller 160 ceases to generate an actuation 

pulse on the signal line 170, the Solenoid 104 is deactuated. 
As described above, deactuation of the Solenoid 104 urges 
the master valve member 92 rightwardly (as viewed in FIG. 
5) into a position in which the master chamber 76 is isolated 
from the slave chamber 78. Note also that when the master 
Valve member 92 is urged rightwardly in Such a manner, 
hydraulic fluid is allowed to advance through the branches 
106, 108 of the fluid line 86thereby draining any fluid within 
the second end portion 84 of the master chamber 76 to the 
reservoir 72. 

Similarly, the inlet control valve 142 is electrically 
coupled to the controller 160. In particular, the Solenoid 148 
of the inlet control valve 142 is electrically coupled to the 
controller 160 via a signal line 172. Hence, the controller 
160 generates output Signals in the form of actuation pulses 
on the signal line 172 which actuate the Solenoid 148 thereby 
shifting the inlet control valve 142 from its closed control 
position in which the high-pressure chamber portion 112 of 
the slave chamber 78 is isolated from the fluid inlet 64 to its 
open control position in which the high-pressure chamber 
portion 112 of the slave chamber 78 is fluidly coupled to the 
fluid inlet 64. 
When the controller 160 ceases to generate an actuation 

pulse on the signal line 172, the Solenoid 148 is deactuated. 
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AS described above, deactuation of the Solenoid 148 causes 
the control valve 142 to shift from its open control position 
to its closed control position thereby isolating the high 
pressure chamber portion 112 of the slave chamber 78 from 
the fluid inlet 64. 

Moreover, the outlet control valve 144 is electrically 
coupled to the controller 160. In particular, the Solenoid 152 
of the outlet control valve 144 is electrically coupled to the 
controller 160 via a signal line 174. Hence, the controller 
160 generates output Signals in the form of actuation pulses 
on the signal line 174 which actuate the Solenoid 152 thereby 
shifting the outlet control valve 144 from its closed control 
position in which the high-pressure chamber portion 112 of 
the slave chamber 78 is isolated from the fluid outlet 66 to 
its open control position in which the high-pressure chamber 
portion 112 of the slave chamber 78 is fluidly coupled to the 
fluid outlet 66. 
When the controller 160 ceases to generate an actuation 

pulse on the signal line 172, the Solenoid 148 is deactuated. 
AS described above, deactuation of the Solenoid 148 causes 
the control valve 142 to shift from its open control position 
to its closed control position thereby isolating the high 
pressure chamber portion 112 of the slave chamber 78 from 
the fluid outlet 66. 

The controller 160 communicates with each of the posi 
tion sensor 154, the master valve assembly 90, the inlet 
control valve 142, and the outlet control valve 144 in order 
to maintain a desired level of tension on the drive track chain 
28. In particular, the controller 160 initially executes a 
“Zeroing routine in which the controller 160 causes Sub 
stantially all of the slack to be removed from the drive track 
chain 28. In order to accomplish this, the controller 160 
generates an output signal on the signal line 172 So as to 
actuate the Solenoid 148 of the inlet control valve 142 
thereby causing pressurized hydraulic fluid to be advanced 
into the high-pressure chamber portion 112 of the slave 
chamber 78 from the fluid inlet 64. Thereafter, the controller 
160 generates an output signal on the Signal line 170 So as 
to actuate the Solenoid 104 associated with the master valve 
assembly 90 thereby causing pressurized hydraulic fluid to 
be advanced into the spring chamber portion 110 of the slave 
chamber 78. 

The presence of pressurized hydraulic fluid in the Spring 
chamber portion 110 of the slave chamber 78 urges the slave 
piston 96 rightwardly (as viewed in FIG. 5) thereby increas 
ing fluid preSSure in the high-pressure chamber portion 112 
of the slave chamber 78. Once fluid pressure in the high 
pressure chamber portion 112 of the slave chamber 78 has 
increased to a predetermined level, the ball 130 of the check 
valve assembly 128 is urged off of the valve seat 132 thereby 
causing pressurized hydraulic fluid to be advanced out the 
fluid port 138 and into the fluid chamber 54 of the actuator 
46 via the fluid port 140 (see FIG. 4). The presence of the 
additional hydraulic fluid increases the fluid pressure within 
the fluid chamber 54 thereby urging the piston 48 of the 
actuator 46 in the forward direction (i.e. in the general 
direction of arrow 42 of FIGS. 2 and 4). Such forward 
movement of the piston 48 likewise urges the front frame 
member 32 and hence the front idler wheel22 in the forward 
direction (i.e. in the general direction of arrow 42 of FIGS. 
2 and 4) thereby increasing tension on the drive track chain 
28. It should be appreciated that the above-described pro 
cedure may be repeated until Substantially all of the Slack 
has been removed from the drive track chain 28. It should be 
appreciated that numerous techniques may be utilized to 
determine when substantially all of the slack has been 
removed from the drive track chain 28. For example, visual 
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inspection of the drive track chain 28 may be performed in 
order to determine when the track chain 28 is taut or 
otherwise has substantially all of the slack removed there 
from. Moreover, a pressure Sensor may be utilized to deter 
mine when fluid pressure within the fluid chamber 54 
increases to a pressure level that is indicative of Substantially 
all of the slack having been removed from the drive track 
chain 28. In addition, the position sensor 154 may be utilized 
to determine if Subsequent additions of hydraulic fluid into 
the fluid chamber 54 are unable to further extend the piston 
48 (i.e. unable to further move the front frame member 32 
relative to the rear frame member 34) thereby indicating that 
substantially all of the slack has been removed from the 
drive track chain 28. 

In any event, once the controller 160 has established a 
“Zero position” (i.e. substantially all of the slack has been 
removed from the drive track chain 28), a predetermined 
amount of hydraulic fluid is then removed from the fluid 
chamber 54 in order to retract or otherwise move the piston 
48 in a rearward direction (i.e. in the general direction of 
arrow 44 of FIGS. 2 and 4) by a predetermined distance. In 
particular, the controller 160 generates an output Signal on 
the signal line 174 in order to actuate the Solenoid 152 
associated with the outlet control valve 144 thereby placing 
the high-pressure chamber portion 112 of the slave chamber 
78 in fluid communication with the fluid outlet 66 (and 
hence the fluid reservoir 72). The controller 160 also gen 
erates an output Signal on the Signal line 170 So as to actuate 
the Solenoid 104 associated with the master valve assembly 
90 thereby causing pressurized hydraulic fluid to be 
advanced into the spring chamber portion 110 of the slave 
chamber 78. The presence of pressurized hydraulic fluid in 
the spring chamber portion 110 of the slave chamber 78 
urges the slave piston 96 rightwardly (as viewed in FIG. 5) 
thereby causing the contact protrusion 176 to urge the ball 
132 of the check valve assembly 128 off of its valve seat 
132. Once the ball 130 is unseated, hydraulic fluid is allowed 
to flow out of the fluid chamber 54 of the actuator 46, 
through the ports 140, 138, and out the fluid outlet 66 
thereby retracting or otherwise moving the piston 48 in a 
rearward direction (i.e. in the general direction of arrow 44 
of FIGS. 2 and 4) thereby decreasing tension on the drive 
track chain 28. Once the position sensor 154 detects that the 
front frame member 32 has been moved rearwardly by the 
predetermined distance, the controller 160 ceases to gener 
ate output signals on the signal lines 170, 174 thereby 
ceasing retraction of the piston 48 of the actuator 46 So as to 
position the front frame member 32 (and hence the front 
idler wheel 22) in a “target position”. It should be appreci 
ated that retraction of the piston 48 by the predetermined 
distance creates a corresponding predetermined amount of 
slack in the drive track chain 28. 

Thereafter, the position sensor 154 is utilized to maintain 
the front frame member 32 (and hence the front idler wheel 
22) in the target position. In particular, if the position Sensor 
154 detects that the linear distance D from the front frame 
member 32 to the rear frame member 34 decreases below a 
predetermined distance value with respect to the target 
position of the front frame member 32 thereby indicating 
that tension on the drive track chain has decreased, the 
controller 160 generates output control Signals which control 
operation of the master valve assembly 90 and the inlet 
control valve 142 so as to increase fluid pressure in the fluid 
chamber 54 of the actuator 48 in the manner described above 
So as to move the front frame member 32 in the forward 
direction (i.e. in the general direction of arrow 42 of FIGS. 
2 and 4) So as to incrementally increase tension on the drive 



US 6,280,010 B1 
13 

track chain 28. Once the front frame member 32 has been 
advanced back to the target position (as Sensed by the 
position sensor 154) the controller 160 ceases to increase 
fluid pressure in the fluid chamber 54 thereby ceasing 
forward advancement of the piston 48. 

Conversely, if the position sensor 154 detects that the 
linear distance D from the front frame member 32 to the rear 
frame member 34 increases above the predetermined dis 
tance value with respect to the target position of the front 
frame member 32 thereby indicating that tension on the 
drive track chain has increased, the controller 160 generates 
output control Signals which control operation of the master 
valve assembly 90 and the outlet control valve 144 so as to 
incrementally decrease fluid pressure in the fluid chamber 54 
of the actuator 48 in the manner described above so as to 
move the front frame member 32 in the rearward direction 
(i.e. in the general direction of arrow 44 of FIGS. 2 and 4) 
So as to decrease tension on the drive track chain 28. Once 
the front frame member 32 has been advanced back to the 
target position (as Sensed by the position Sensor 154) the 
controller 160 ceases to decrease fluid pressure in the fluid 
chamber 54 thereby ceasing rearward advancement of the 
piston 48. 

It should be appreciated that such “closed loop” control of 
the tension on the drive track chain 28 prevents the track 
type tractor 10 from being operated for a period of time with 
an undesirable amount of tension (either too high or too low) 
in the drive track chain 28 thereby increasing the efficiency 
tractor 10 while also increasing the useful life of the com 
ponents associated with the undercarriage assembly 16. 
Moreover, it should be appreciated that the controller 160 
may also be configured to automatically re-execute the 
"Zeroing procedure at predetermined intervals So as to 
account for normal wear in the components associated with 
the drive track chain 28. 

Moreover, it should be appreciated that a pressure relief 
valve (not shown) may be fluidly interposed between the 
fluid port 138 of the valve group 58 and the fluid port 140 
of the actuator 46 in order to provide a recoil function to the 
undercarriage assembly 16. In particular, if a rock or the like 
is ingested by the undercarriage assembly 16 during 
advancement of the track-type tractor 10, the front idler 
wheel 22 is urged or otherwise moved rearwardly (i.e. in the 
general direction of arrow 44 of FIGS. 2 and 4) thereby 
increasing fluid pressure in the fluid chamber 54 of the 
actuator 46. Once fluid pressure within the fluid chamber 54 
is greater in magnitude than the relief Setting of the pressure 
relief valve (e.g. 6,000 pounds-per-Square-inch), hydraulic 
fluid within the fluid chamber 54 is exhausted to the reser 
voir via the pressure relief valve thereby allowing the piston 
48 (and hence the front frame member 32 and the front idler 
wheel 22) to be urged or otherwise moved in the rearward 
direction (i.e. in the general direction of arrow 44 of FIGS. 
2 and 4) thereby providing relief or slack in the drive track 
chain 28. It should be appreciated that such relief in the drive 
track chain 28 facilitates expulsion of the rock from the 
undercarriage assembly 16. 

Once the rock has been expelled from the undercarriage 
assembly 16, the front frame member 32 is returned to its 
previous target position thereby returning the drive track 
chain 28 to its previous tension level. In particular, the 
controller 160 controls actuation of the valves 90, 142, and 
144 based on output from the position sensor 154 in order to 
return the front frame member 32 (and hence the front idler 
wheel 22) to its previous target position thereby returning 
the drive track chain 28 to its previous tension level. It 
should be appreciated that the controller 160 may alterna 
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tively be configured to execute the “Zeroing procedure” So as 
to reset the target position of the front frame member 32 after 
each recoil event. 

Referring now to FIG. 7, there is shown another type of 
work machine such as a hydraulic excavator 210 which is 
utilized to perform numerous work functions Such as dig 
ging and material movement. The excavator 210 includes a 
number of work implements Such as a hydraulically 
powered bucket assembly 212 which is secured to an end of 
a boom assembly 214 having a boom arm 216 and a stick 
assembly 218. The excavator 210 further includes an engine 
Such as a diesel engine 220 for providing the motive power 
for both advancing the excavator 210 and operating the 
bucket 212 and boom assembly 214. 

The excavator 210 also includes an undercarriage assem 
bly 226. The undercarriage assembly 226 includes a frame 
assembly 228, a drive sprocket 230, a front idler wheel 232, 
and a number of midroller assemblies 236. An endless drive 
track chain 238 is driven by the drive sprocket 230 so as to 
be advanced around the front idler wheel232 and each of the 
midroller assemblies 236 thereby providing the motive 
power for advancing the excavator 210. In particular, 
mechanical output from the engine 220 is transmitted to the 
drive sprocket 230 via a hydraulic drive system 240 having 
a number of hydraulic drive motors 304 (see FIGS. 9 and 10) 
which drive the drive sprocket 230 so as to advance the drive 
track chain 238 and hence the excavator 210. It should be 
appreciated that although only one side of the excavator 210 
is shown in FIG. 7, the other side of the excavator 210 would 
also include an undercarriage assembly 226 having Similar 
components as those shown in FIG. 7 (e.g. a frame assembly 
228, drive sprocket 230, front idler wheel 232, midroller 
assemblies 236, and drive track chain 238). 
The excavator 210 also includes a cab 240. The cab 240 

is provided to enclose or otherwise house the devices 
associated with the excavator 210 which are utilized by an 
operator during operation of the excavator 210. In particular, 
the cab 240 houses an operator seat (not shown) and a 
number of control devices 242 Such as, for example, a 
control lever assembly 466 and a foot pedal assembly 246 
(see FIG. 15). 
As shown in more detail in FIGS. 8-10, the undercarriage 

assembly 226 includes a track tensioning assembly 248. The 
track tensioning assembly 248 includes a cylinder assembly 
250 having a yoke 252 secured thereto. As shown in FIG. 8, 
the front idler wheel 232 is rotatably coupled to the yoke 
252. Movement of the yoke 252 and hence the front idler 
wheel 232 in a forward direction (i.e. in the general direction 
of arrow 254 of FIG. 8) increases tension of the drive track 
chain 238. Conversely, movement of the yoke 252 and hence 
the front idler wheel 232 in a rearward direction (i.e. in the 
general direction of arrow 256 of FIG. 8) decreases tension 
of the drive track chain 238. 

As shown in FIGS. 9 and 10, the cylinder assembly 250 
includes a main housing 258 having a main chamber 260 
defined therein. The main chamber 260 includes a recoil 
subchamber 262 which has a recoil piston 264 positioned 
therein. AS Shall be discussed below in greater detail, the 
recoil piston 264 provides a recoil function to the undercar 
riage assembly 226. In particular, if a rock or the like is 
ingested by the undercarriage assembly 226 during advance 
ment of the excavator 210, use of the recoil piston 264 
facilitates expulsion of the rock from the undercarriage 
assembly 226 without damage to the components associated 
with the undercarriage assembly 226 Such as the drive track 
chain 238. 
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The recoil piston 264 has a central passage 266 defined 
therein. A master piston assembly 268 is secured within the 
central passage 266. The master piston assembly 268 
includes a housing 270 having a master chamber 272 and an 
outlet port 274 defined therein. A master piston 276 is 
positioned within the master chamber 272 in order to 
translate back and forth therein. The master piston 276 has 
a central passage 278 defined therein. A check valve assem 
bly 280 is positioned within the central passage 278 of the 
master piston 276. 
The cylinder assembly 250 further includes a slave piston 

280 having a head end portion 282 positioned within the 
main chamber 260 and a rod end portion 284 which extends 
out of a sealed opening 286 defined in the main housing 258. 
As shown in FIG. 9, the rod end portion 284 is secured to the 
yoke 252 and hence the idler wheel 232. Therefore, as the 
head end portion 282 of the slave piston 280 is moved in the 
forward direction (i.e. in the general direction of arrow 254 
of FIGS. 8–10), the yoke 252 and hence the front idler wheel 
232 are likewise moved in the forward direction thereby 
increasing tension of the drive track chain 238. Conversely, 
as the head end portion 282 of the slave piston 280 is moved 
in the rearward direction (i.e. in the general direction of 
arrow 256 of FIGS. 8-10), the yoke 252 and hence the front 
idler wheel232 are likewise moved in the rearward direction 
thereby decreasing tension of the drive track chain 238. 

The track tensioning assembly 248 further includes a 
control valve assembly 288 and a nitrogen-charged fluid 
accumulator 290. The accumulator 290 is coupled to a fluid 
port 292 of the control valve assembly 288 via a fluid line 
294. The recoil subchamber 262 is coupled to a fluid port 
300 of the control valve assembly 288 via a fluid line 302, 
whereas the master chamber 272 of the master piston 
assembly 268 is coupled to a fluid port 296 of the control 
valve assembly 288 via a fluid line 298. A fluid outlet port 
306 of the control valve assembly 288 is fluidly coupled to 
a fluid reservoir 308 via a drain line 310. 
A pilot fluid port 312 is fluidly coupled to one or more 

components associated with the hydraulic drive system 240 
of the excavator 210 via a fluid line 314. In particular, as 
described above, the hydraulic drive system 240 of the 
excavator 210 includes a number of hydraulic drive motors 
304 for driving the drive sprockets 230 of the undercarriage 
assemblies 226. Moreover, the hydraulic drive system 240 
includes a hydraulically-deactuated parking brake 316. The 
parking brake 316 includes a retaining Spring (not shown) 
which retains the excavator 210 in a relatively stationary 
position when the parking brake 316 is actuated. The retain 
ing Spring is released by a flow of pressurized hydraulic fluid 
into a spring chamber (not shown) which houses the retain 
ing Spring So as to allow the excavator 210 to be advanced 
from one location to another. 

The hydraulic drive system 240 also includes a Switching 
valve assembly 318 which is operatively coupled to the 
operator control devices 242 located within the cab 240. The 
Switching valve assembly 318 selectively provides for a flow 
of pressurized hydraulic fluid to the components associated 
with the hydraulic drive system 240 and the implements 
associated with the excavator 210 based on manipulation of 
the control devices 242 by the operator of the excavator 210. 
In particular, the hydraulic excavator 210 includes a main 
fluid supply circuit 488 (see FIG. 15) which includes the 
fluid components necessary to Supply pressurized hydraulic 
fluid the drive system 240 and the hydraulic implements 
asSociated with the excavator 210. Amongst other functions, 
the Switching valve assembly 318 directs pressurized 
hydraulic fluid from the main fluid supply circuit 488 to both 
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the drive system 240 and an implement supply circuit 464 
(see FIG. 15). Hence, if the operator manipulates one of the 
control devices in order to advance the excavator 210, fluid 
is directed from the main fluid supply circuit 488 to the 
components associated with the drive system 240 by the 
Switching valve assembly 318. Conversely, if the operator 
manipulates one of the control devices in order to operate a 
work implement such as the bucket 212, fluid is directed 
from the main fluid supply circuit 488 to the implement 
supply circuit 464 by the Switching valve assembly 318. As 
a particular example, if the operator manipulates one of the 
control devices 242 in order to release the parking brake 
316, the Switching valve assembly 318 directs pressurized 
hydraulic fluid to the Spring chamber associated with the 
parking brake 316 so as to release the brake 316. Similarly, 
if the operator manipulates one of the control devices 242 
such as the foot pedal 246 (see FIG. 15) in order to advance 
the excavator 210, the Switching valve assembly 318 directs 
preSSurized hydraulic fluid to the appropriate drive motors 
3.04. 
The control valve assembly 288 of the track tensioning 

assembly 248 is positionable in a number of control posi 
tions based on the activity being performed by the excavator 
210 in order to Selectively increase or decrease tension on 
the drive track chain 238. Such adjustment of track tension 
provides the excavator 210 of the present invention with 
numerous advantages over heretofore designed excavators. 
For example, when the excavator 210 is performing a work 
function Such as a digging function or a material handling 
function, the track tensioning System 248 of the present 
invention increases tension on the drive track chain 238 So 
as to remove substantially all of the slack therefrom. 
Removal of Substantially all of the slack from the drive track 
chain 238 prevents the undercarriage assembly 226 from 
rolling back and forth within the interior of the drive track 
chain 238. However, the track tensioning system 248 of the 
present invention decreases tension on the drive track chain 
238 when the excavator 210 is being advanced in order to 
reduce wear on the components associated with the under 
carriage assembly 226 thereby increasing the useful life of 
the excavator 210. 

It should be appreciated that actuation or deactuation of 
the hydraulic drive system 240 may be monitored in order to 
determine the activity being performed by the excavator 
210. For example, an increase in fluid pressure in the fluid 
Supply lines (not shown) which Supply the hydraulic motors 
304 is indicative of advancement (i.e. movement) of the 
excavator 210. Similarly, a decrease in fluid pressure in the 
fluid supply lines which supply the hydraulic motors 304 is 
indicative of the excavator 210 being maintained in a 
Stationary position (i.e. not moving or otherwise being 
advanced) Such as when the excavator 210 is performing a 
work function (e.g. a digging function or material handling 
function). Moreover, an increase in fluid pressure in the fluid 
Supply line (not shown) which Supplies the hydraulically 
deactuated parking brake 316 is indicative of the operator 
preparing to advance the excavator 210. Similarly, fluid 
preSSure in any of the fluid lines associated with the Switch 
ing valves associated with the Switching valve assembly 318 
may also be monitored to determine if the excavator 210 is 
being advanced or being maintained in a Stationary position. 
Moreover, an increase in fluid pressure in the fluid Supply 
lines (not shown) which supply hydraulic fluid to fluid 
cylinders associated with the boom assembly 214 and the 
bucket 212 (see FIG. 7) is indicative of the excavator 210 
being operated to perform a work function. 
From the above discussion, it should be appreciated that 

the fluid line 314 may be fluidly coupled to any one of 
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numerous components associated with the hydraulic drive 
system 240 (or the implement fluid supply circuit 464) in 
order to communicate changes in hydraulic preSSure to the 
pilot fluid port 312 of the control valve assembly 288. It 
should be appreciated that Such changes in hydraulic pres 
sure are indicative of the hydraulic drive system 240 being 
Switched between its actuated mode of operation in which 
the drive system 240 causes advancement of the excavator 
210 from one location to another and its deactuated mode of 
operation in which the drive system 240 does not advance 
the excavator 210. In an exemplary embodiment, the fluid 
line 314 is fluidly coupled to the fluid inlet line of the 
parking brake 316. In Such a configuration, the control valve 
assembly 288 is placed in an increase-tension position (as 
shown in FIG. 10) when relatively low fluid pressure is 
sensed in the fluid inlet line of the parking brake 316. 
However, if an increase in fluid pressure is Sensed in the 
fluid inlet line of the parking brake 316 thereby indicating 
that the brake 316 is being released, the control valve 
assembly 288 is positioned in its decrease-tension position, 
as shown in FIG. 9. 
As shown in FIG. 10, when the control valve assembly 

288 is positioned in its increase-tension position, pressurized 
hydraulic fluid is advanced from the accumulator 290 to 
each of the fluid lines 298,302, and therefore into the recoil 
Subchamber 262 and the master chamber 272. Presence of 
pressurized hydraulic fluid in the recoil subchamber 262 
urges the recoil piston 264 leftwardly (as viewed in FIGS. 9 
and 10) against a stop 320. Pressurized hydraulic fluid in the 
master chamber 272 is advanced through the central passage 
278 define in the master piston 276, through the check valve 
280, and out the outlet port 274 of the housing 270. The 
check valve 280 maintains a small differential fluid pressure 
between the master chamber 272 and the outlet port 274 
thereby urging the master piston 276 leftwardly (as viewed 
in FIGS. 9 and 10). 

Such leftward movement of the master piston 276 
increases fluid pressure in the main chamber 260 So as to 
urge the head end portion 282 of the slave piston 280 in the 
forward direction (i.e. in the general direction of arrows 254 
of FIGS. 8-10) thereby likewise moving the front idler 
wheel 232 in the forward direction. Pressurized hydraulic 
fluid from the fluid accumulator 290 will continue to urge 
the idler wheel 232 in the forward direction until Substan 
tially all of the slack is removed from the drive track chain 
238 (i.e. the track is taut) or until the master piston 276 is 
advanced into contact with a Stop 322. It should be appre 
ciated that if the accumulator 290 is depleted of hydraulic 
fluid without substantially all of the slack being removed 
from the drive track chain 238, the above procedure may be 
cycled through again in order to produce Such a result. 

It should be appreciated that increasing tension on the 
drive track chain 238 during a digging operation facilitates 
operation of the excavator 210. In particular, by removing 
substantially all of the slack from the drive track chain 238, 
the excavator 210 is less likely to roll back and forth within 
the inner portion of the drive track chain 238. Moreover, as 
shown in FIG. 10, a pair of check valves 324, 326 within the 
control valve assembly 288 are provided to minimize, if not 
eliminate, movement of the components associated with the 
track tensioning assembly 248 (and hence the front idler 
wheel 232) due to implement forces generated by the boom 
assembly 214 and the bucket 212 during operation thereof. 
This further eliminates undesirable movement of the under 
carriage assembly 226 during performance of a work func 
tion. 
AS described above, if an increase in fluid pressure is 

sensed in the fluid inlet line of the parking brake 316 thereby 
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indicating that the brake 316 is being released, the control 
valve assembly 288 is positioned in its decrease-tension 
position, as shown in FIG. 9. When the control valve 
assembly 288 is positioned in its decrease-tension position, 
preSSurized hydraulic fluid continues to be advanced from 
the accumulator 290, along with fluid pressure from the 
drive system 240, to the fluid line 302 and hence into the 
recoil Subchamber 262. AS before, presence of pressurized 
hydraulic fluid in the recoil subchamber 262 urges the recoil 
piston 264 leftwardly (as viewed in FIGS. 9 and 10) against 
the stop 320. 

However, when the control valve assembly 288 is posi 
tioned in its decrease-tension position, hydraulic fluid within 
the master chamber 272 is exhausted or otherwise vented to 
the reservoir 308 thereby allowing pressurized fluid within 
the fluid outlet 274 and the main chamber 260 (which is 
isolated from the reservoir 308 by the check valve 280) to 
urge the master piston 276 in a rightwardly direction (as 
viewed in FIGS. 9 and 10) until movement of the master 
piston 276 is stopped by a stop 328. 
Such rightward movement of the master piston 276 

decreases fluid pressure in the main chamber 260 so as to 
urge the head end portion 282 of the slave piston 280 in the 
rearward direction (i.e. in the general direction of arrow 256 
of FIGS. 8-10) thereby likewise moving the front idler 
wheel 232 in the rearward direction. The distance in which 
the idler wheel 232 is retracted (i.e. moved in the general 
direction of arrow 256 of FIGS. 8-10) corresponds to the 
Stroke length of the master piston 276. In an exemplary 
embodiment, a desirable traveling track tension level is 
achieved by retracting the front idler wheel 232 approxi 
mately ten millimeters from the point at which substantially 
all of the slack has been removed from the drive track chain 
238 (i.e. the point at which the front idler 232 is positioned 
during performance of a work function). Hence, the master 
piston assembly 268 is configured Such that the master 
piston 276 has a stroke length which causes the front idler 
to be retracted approximately ten millimeters when the 
master piston 276 is urged rightwardly against the Stop 328. 

It should be appreciated that the hydraulic fluid lost 
during venting of the master chamber 272 is replaced in the 
accumulator 290 by use of hydraulic fluid from the drive 
system 240. In particular, a pressure regulation valve 330 in 
the control valve assembly 288 provides fluid pressure at the 
fluid port 292 (via a check valve 332) which is greater than 
the pressure maintained by the accumulator 290. This 
increases the pressure in the accumulator 290 by forcing 
additional fluid therein thereby replacing the fluid which was 
lost during venting of the master chamber 272. In an 
exemplary embodiment, the pressure regulation valve 330 
maintains fluid pressure from the drive system 240 at 2,000 
pounds-per-Square-inch, whereas the accumulator 290 pro 
vides fluid pressure at 1,875 pounds-per-Square-inch. Hence, 
when fluidly coupled to the drive system 240, fluid pressure 
from the drive system 240 (2,000 psi) is greater than fluid 
pressure within the accumulator 290 (1,875 psi) thereby 
forcing additional fluid into the accumulator 290. It should 
be appreciated that when the control valve assembly 288 is 
switched back to its increase-tension position (see FIG. 10) 
the stored fluid pressure in the accumulator 290 urges the 
master piston 276 leftwardly (as viewed in FIGS. 9 and 10) 
thereby dropping fluid pressure within the accumulator back 
to its normal pressure (e.g. back to 1,875 psi from 2,000 psi). 
AS described above, Such loosening of the drive track 

chain 238 prior to advancement of the excavator 210 pro 
vides numerous advantages over heretofore designed exca 
Vators. For example, by loosening or otherwise decreasing 
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tension on the drive track chain 238 by a predetermined 
amount prior to advancement of the excavator 210, wear on 
components associated with the undercarriage assembly 226 
is reduced thereby increasing the efficiency and even the 
useful life of the excavator 210. 

Moreover, it should be appreciated that the design of the 
track tensioning System 248 provides a recoil function to the 
undercarriage assembly 226 thereby eliminating the need for 
a separate recoil assembly Such as a Spring or the like. In 
particular, a combination of a check valve 334 and pressure 
relief valve 336 allows for selective movement of the recoil 
piston 264 in the event that a rock or the like is ingested by 
the undercarriage assembly 226 during advancement of the 
excavator 210. Such movement of the recoil piston 264 
causes corresponding movement of the front idler wheel 
232. In particular, if during advancement of the excavator 
210, a rock or the like is ingested by the undercarriage 
assembly 226 thereby urging the idler wheel 232 and hence 
the piston head end 282 of the slave piston rearwardly (i.e. 
in the general direction of arrow 256 of FIGS. 8-10), fluid 
pressure is exerted on a first end 338 of the recoil piston 264 
thereby increasing fluid pressure in the recoil Subchamber 
262. Hydraulic fluid is prevented from flowing from the 
recoil subchamber 262 back to the accumulator 290 by the 
check valve 334. However, if fluid pressure in the recoil 
subchamber 262 increases beyond the relief setting of the 
pressure relief valve 336 (e.g. 6,000 psi), the relief valve 336 
opens thereby allowing fluid to be advanced from the recoil 
subchamber 262 to the accumulator 290. This causes right 
ward movement of the recoil piston 264 (as viewed in FIGS. 
9 and 10) thereby allowing the slave piston 280 and hence 
the idler wheel 232 to be moved in a rearward direction (i.e. 
in the general direction of arrow 256 of FIGS. 9-10) thereby 
providing relief or slack in the drive track chain 238. It 
should be appreciated that Such relief in the drive track chain 
238 facilitates expulsion of the rock from the undercarriage 
assembly 226. 
Once the rock has been expelled from the undercarriage 

assembly 226, fluid pressure from the accumulator 290 is 
returned to the recoil Subchamber 262 thereby again urging 
the recoil piston leftwardly (as viewed in FIGS. 9 and 10) 
against the stop 320 which returns the slave piston 280 and 
hence the idler wheel 232 to their previous positions thereby 
returning the drive track chain 238 to its previous tension 
Setting. It should be appreciated that Such a configuration of 
the track tensioning assembly 248 provides a recoil response 
with a relatively efficient hysteresis loop relative to hereto 
fore designed recoil assemblies. In particular, return flow 
from the recoil Subchamber 262 to the accumulator 290 must 
flow through the relief valve 336 thereby generating a 
relatively large recoil force (e.g. 6,000 psi), however, flow 
from the accumulator 290 back to the recoil subchamber 262 
is allowed to pass unrestricted by the check valve 334 
thereby producing a relatively low pressure recoil recovery. 

Hence, as described herein, the track tensioning assembly 
248 provides numerous advantages over heretofore designed 
track tensioning assemblies. For example, by automatically 
Switching between a relatively taut track configuration and 
a loosened track configuration, the excavator 210 is pre 
vented from rolling back and forth during a digging 
operation, but yet also gains the benefit of decreased under 
carriage component wear. Moreover, the design of the track 
tensioning assembly 248 facilitates its integration into exist 
ing excavator designs. In particular, existing excavator 
designs typically do not include a Source of pressurized 
hydraulic fluid within the undercarriage assembly when the 
excavator is performing a digging operation. This is true 
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Since the excavator is generally not advanced during a 
digging operation thereby eliminating the need for hydraulic 
preSSure within the undercarriage assembly. However, use of 
the accumulator 290 for the storing of hydraulic pressure 
eliminates the need for an active pressure Source thereby 
facilitating ease of retrofit of the track tensioning assembly 
248 into existing excavator designs. 

Referring now to FIGS. 11-14, there is shown a second 
embodiment of a track tensioning assembly 350 which may 
be utilized in conjunction with the excavator 210. As shall 
be discussed below in greater detail, the track tensioning 
assembly 350 performs similar functions as the track ten 
Sioning assembly 248. In particular, the track tensioning 
assembly 350 is configured to provide a relatively taut track 
configuration in order to prevent the excavator 210 from 
rolling back and forth during a digging operation, but then 
loosen the tension on the drive track chain 238 during 
advancement of the excavator 210 in order to decrease 
undercarriage component wear. Moreover, the track tension 
ing assembly 350 also provides a recoil function thereby 
eliminating the need to provide Separate recoil components. 
The track tensioning assembly 350 includes a control 

Valve 352, a pressurized hydraulic fluid Source Such as a 
hydraulic pump 354, a slack adjuster device 356, a pair of 
accumulators 358, 360, and a pressure relief valve 362. As 
shown in FIGS. 11 and 12, the track tensioning assembly 
350 is fluidly coupled to a pair of actuators such as hydraulic 
cylinders 364, 366 in order to control position of the front 
idler wheels 232 of the excavator 210. AS described above, 
tension on the drive track chains 238 is adjusted by moving 
the front idler wheels 232 in a forward or backward direction 
In particular, when the front idler wheels 232 are moved in 
a forward direction (i.e. in the general direction of arrow 254 
of FIGS. 7-8 and 11-12), tension on the drive track chain 
238 is increased. Conversely, when the front idler wheels 
232 are moved in a rearward direction (i.e. in the general 
direction of arrow 256 of FIGS. 7-8 and 11-12), tension on 
the drive track chain 238 is decreased. 
As shown in FIGS. 11 and 12, a pilot fluid port 368 of the 

control valve 352 is fluidly coupled to the hydraulic drive 
system 240 of the excavator 210 via a fluid line 370. As 
described above in regard to the fluid line 314 of the track 
tensioning assembly 248, the fluid line 370 may be fluidly 
coupled to any one of numerous components associated with 
the hydraulic drive system 240 (or the implement supply 
circuit) in order to communicate changes in hydraulic pres 
sure to the pilot fluid port 368 of the control valve 352. As 
described above, Such changes in hydraulic pressure are 
indicative of the hydraulic drive system 240 being Switched 
between its actuated mode of operation in which the drive 
system 240 causes advancement of the excavator 210 and its 
deactuated mode of operation in which the drive system 240 
does not advance the excavator 210. In an exemplary 
embodiment, the fluid line 370 is fluidly coupled to the fluid 
inlet line of the parking brake 316. In Such a configuration, 
the control valve 352 is placed in an increase-tension 
position (as shown in FIG. 12) by a spring 244 when 
relatively low fluid pressure is sensed in the fluid inlet line 
of the parking brake 316. However, if an increase in fluid 
preSSure is Sensed in the fluid inlet line of the parking brake 
316 thereby indicating that the brake 316 is being released, 
the bias of the spring 244 is overcome by fluid pressure in 
the pilot fluid port 368, and the control valve 352 is 
positioned in its decrease-tension position, as shown in FIG. 
11. 
The pump 354 may be embodied as a dedicated pump for 

providing pressurized hydraulic fluid to the track tensioning 
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assembly 350 only, or alternatively, a pressurized hydraulic 
fluid Source associated with another System of the excavator 
210 may be utilized as the pump 354. For example, the pump 
354 may be a pump associated with the drive system 240. 
Moreover, as with the track tensioning system 248, the 
hydraulic preSSure Source may be embodied as a passive 
device Such as a fluid accumulator. In an exemplary 
embodiment, the pump 354 is embodied as the pilot pressure 
pump for providing pilot fluid pressure to the components 
associated with the excavator 210. 
As shown in FIGS. 13 and 14, the slack adjuster device 

356 includes a housing 372 having a fluid chamber 374, a 
fluid inlet 376, and a pair of fluid outlets 378,380 defined 
therein. A pair of pistons 382,384 are positioned in the fluid 
chamber 374. The pistons 382, 384 are each positionable 
between an increase-tension position (as shown in FIG. 13) 
and a decrease-tension position (as shown in FIG. 14). In 
particular, the Slack adjuster device 356 includes a pair of 
SpringS 386 which are coupled at a first end to the housing 
372 and at a second end to the pistons 382,384. As shown 
in FIG. 13, the springs 386, along with fluid pressure in the 
inlet 376, urge the pistons 382, 384 outwardly so as to 
position the pistons 382,384 at opposite end portions of the 
fluid chamber 374 thereby positioning the pistons 382, 384 
in their respective increase-tension positions. However, as 
shown in FIG. 14, when hydraulic fluid is advanced out of 
the fluid chamber 374 and the fluid inlet 376, fluid pressure 
within the fluid outlets 378, 380 overcomes the bias of the 
springs 386 thereby urging the pistons in 382, 384 in an 
inward direction thereby positioning the pistons 382,384 in 
their respective decrease-tension positions within a central 
portion of the fluid chamber 374. 
Movement of the pistons 382,384 causes actuation of the 

hydraulic cylinders 364, 366. In particular, each of the 
pistons 382, 384 has a check valve 388 positioned within a 
central passage 416 defined in each of the pistons 382,384. 
As shown in FIG. 14, each of the check valves 388 has a 
closed check position in which a ball 390 is urged into 
contact with the valve seat 392 thereby isolating the fluid 
inlet 376 from the fluid outlets 378, 380 (and hence the 
hydraulic cylinders 364, 366). The check valves 388 also 
have an open check position in which the ball 390 is urged 
off of the valve seat 392 So as to allow fluid to advance from 
the fluid inlet 376 to the fluid outlets 378, 380. 

The slack adjuster device 356 may be embodied as any 
Slack adjusting device which is capable of performing the 
described functions. For example, Slack adjusting devices 
which are particularly useful as the slack adjuster device 356 
of the present invention are commercially available from 
The BFGoodrich Company of Charlotte, N.C. 
As shown in FIGS. 11 and 12, the fluid outlets 378,380 

are fluidly coupled to the hydraulic cylinders 364, 366, 
respectively. In particular, the fluid outlet 378 is coupled to 
the hydraulic cylinder 364 via a fluid line 394, whereas the 
fluid outlet 380 is coupled to the hydraulic cylinder 366 via 
a fluid line 396. The hydraulic cylinders 364,366 each have 
a cylinder housing 398 having a rod 400 extending there 
from. A first end of the rods 400 is secured to a piston (not 
shown) within the cylinder housings 398, whereas a second 
end of each of the rods 400 is secured to the yokes 252 
associated with the front idler wheels 232. Hence, extension 
of the rods 400 (i.e. movement of the rods 400 in the general 
direction of arrow 254 relative to the housings 398) causes 
corresponding movement of the idler wheels 232 thereby 
increasing tension on the drive track chains 238. Conversely, 
retraction of the rods 400 (i.e. movement of the rods 400 in 
the general direction of arrow 256 relative to the housings 
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398) causes corresponding movement of the idler wheels 
232 thereby decreasing tension on the drive track chains 
238. 

Hence, from the above description, it should be appreci 
ated that when the control valve 352 is positioned in its 
increase-tension position (as shown in FIG. 12) thereby 
indicating that the excavator 210 is being maintained in a 
Stationary position in order to, for example, perform a 
digging function, pressurized hydraulic fluid is advanced 
from the pump 354 to the fluid chamber 374 of the slack 
adjuster device 356 via the inlet fluid port 376. Presence of 
fluid pressure within the fluid chamber 374 along with the 
bias of the springs 386 urges the pistons 382,384 in opposite 
outward directions thereby positioning the pistons 382,384 
in their respective increase-tension positions at opposite end 
portions of the fluid chamber 374. Fluid pressure in the fluid 
chamber 374 also causes the check valves 388 to be posi 
tioned in their respective open check positions thereby 
allowing preSSurized hydraulic fluid to advance from the 
fluid inlet 376, through the fluid chamber 374, and out the 
fluid outlets 378, 380 to the hydraulic cylinders 364, 366. 
Presence of Such hydraulic fluid pressure causes extension 
of the rods 400 (i.e. movement of the rods 400 in the general 
direction of arrow 254 relative to the housings 398) thereby 
causing corresponding movement of the idler wheels 232 So 
as to increase tension on the drive track chains 238. 
AS described above in regard to the track tensioning 

assembly 248, it should be appreciated that increasing 
tension on the drive track chain 238 during a digging 
operation facilitates operation of the excavator 210. In 
particular, by removing Substantially all of the slack from the 
drive track chain 238, the excavator 210 is less likely to roll 
back and forth within the inner portion of the drive track 
chain 238. Moreover, the check valves 388 within the slack 
adjuster device 356 create, in essence, a hydraulic lock 
which prevents backward flow from the hydraulic cylinders 
364, 366 thereby minimizing, if not eliminating, movement 
of the front idler wheels 232 due to implement forces 
generated by the boom assembly 214 and the bucket 212 
during operation thereof. This further eliminates undesirable 
movement of the undercarriage assembly 226 during per 
formance of a work function. 
AS described above, if an increase in fluid pressure is 

sensed in the fluid inlet line of the parking brake 316 thereby 
indicating that the brake 316 is being released, Such an 
increase in fluid pressure is communicated to the pilot fluid 
port 368 of the control valve 352 via the fluid line 370 
thereby positioning the control valve 352 in its decrease 
tension position, as shown in FIG. 11. When the control 
Valve 352 is positioned in its decrease-tension position, 
hydraulic fluid within the fluid chamber 374 of the slack 
adjuster device 356 is exhausted or otherwise vented to a 
reservoir 402. Absence of fluid pressure within the fluid 
chamber 374 allows the fluid pressure within the fluid 
outlets 378,380 to retract or otherwise urge the pistons 382, 
384, respectively, inwardly so as to position the pistons 382, 
384 in a central portion of the fluid chamber 374 thereby 
positioning the pistons 382,384 in their respective decrease 
tension positions. Absence of fluid preSSure in the fluid 
chamber 374 also causes the check valves 388 to be posi 
tioned in their respective closed check positions thereby 
preventing pressurized hydraulic fluid from advancing from 
the hydraulic cylinders 364, 366 to the reservoir 402. 
Movement of the pistons 382, 384 from their respective 

increase-tension positions to their respective decrease 
tension positions causes retraction of the rods 400 (i.e. 
movement of the rods 400 in the general direction of arrow 
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256 relative to the housings 398) thereby causing corre 
sponding movement of the idler wheels 232 So as to decrease 
tension on the drive track chains 238. The distance in which 
the idler wheels 232 are retracted (i.e. moved in the general 
direction of arrow 256 of FIGS. 7-8 and 11-12) corresponds 
to the stroke length of the pistons 382,384. In an exemplary 
embodiment, a desirable traveling track tension level is 
achieved by retracting the front idler wheels 232 approxi 
mately ten millimeters from the point at which substantially 
all of the slack has been removed from the drive track chain 
238 (i.e. the point at which the front idler wheels 232 are 
positioned during performance of a work function). Hence, 
the slack adjuster device 356 is configured such that each of 
the pistons 382, 384 has a stroke length which causes the 
front idler wheels 232 to be retracted approximately ten 
millimeters when the pistons 382,384 are moved from their 
respective increase-tension positions to their respective 
decrease-tension positions. 
AS described above, Such loosening of the drive track 

chain 238 prior to advancement of the excavator 210 pro 
vides numerous advantages over heretofore designed exca 
Vators. For example, by loosening or otherwise decreasing 
tension on the drive track chain 238 by a predetermined 
amount prior to advancement of the excavator 210, wear on 
components associated with the undercarriage assembly 226 
is reduced thereby increasing the efficiency and even the 
useful life of the excavator 210. 

Moreover, it should be appreciated that the design of the 
track tensioning system 350 provides a recoil function to the 
undercarriage assembly 226 thereby eliminating the need for 
a separate recoil assembly Such as a Spring or the like. In 
particular, the combination of the accumulators 358, 360 and 
the pressure relief valve 362 allows for movement of the 
front idler wheels 232 in the event that a rock or the like is 
ingested by the undercarriage assembly 226 during advance 
ment of the excavator 210. In particular, if during advance 
ment of the excavator 210, a rock or the like is ingested by 
the undercarriage assembly 226 thereby urging one of the 
idler wheels 232 rearwardly (i.e. in the general direction of 
arrow 256 of FIGS. 7-8 and 11–12), hydraulic fluid is 
advanced out of the corresponding hydraulic cylinder 364, 
366 and into the corresponding accumulator 358, 360. 
Hydraulic fluid is prevented from flowing through the slack 
adjuster device 356 and to the reservoir 402 by the check 
valves 388. Such advancement of hydraulic fluid out of the 
hydraulic cylinders 364, 366 and into the fluid accumulators 
358, 360, respectively, causes the idler wheels 232 to be 
moved in the rearward direction (i.e. in the general direction 
of arrow 256 of FIGS. 7-8 and 11-12) thereby providing 
relief or slack in the drive track chain 238. It should be 
appreciated that such relief in the drive track chain 238 
facilitates expulsion of the rock from the undercarriage 
assembly 226. Once the rock has been expelled from the 
undercarriage assembly 226, fluid preSSure from the accu 
mulators 358, 360 is returned to the corresponding hydraulic 
cylinder 364, 366, thereby again urging the affected idler 
wheel 232 in a forward direction (i.e. in the general direction 
of arrow 254 of FIGS. 7-8 and 11–12) to its previous 
position thereby returning the drive track chain 238 to its 
previous tension Setting. 

However, if fluid pressure in the fluid lines 394, 396 
increases beyond the relief Setting of the pressure relief 
valve 362 (e.g. 6,000 psi), the relief valve 362 is urged 
rightwardly (as viewed in FIGS. 11 and 12) so as to be 
positioned in an open position thereby allowing fluid to be 
advanced to the reservoir 402. This provides additional relief 
to the components associated with the undercarriage assem 
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bly 226 thereby preventing damage thereto. Once preSSure 
in the fluid lines 394,396 decreases below the reliefsetting 
of the pressure relief valve (e.g. 6,000 psi), the relief valve 
closes thereby preventing additional fluid from being 
advanced to the reservoir 402. It should be appreciated that 
fluid lost during opening of the relief valve 362 may be 
replaced by the accumulators 358, 360. Moreover, the slack 
adjuster device 356 may be cycled in order to provide 
additional fluid, if necessary. 

Hence, as described herein, the track tensioning assembly 
350 provides numerous advantages over heretofore designed 
track tensioning assemblies. For example, by automatically 
Switching between a relatively taut track configuration and 
a loosened track configuration, the excavator 210 is pre 
vented from rolling back and forth during a digging 
operation, but yet also gains the benefit of decreased under 
carriage component wear. Moreover, by incorporating a 
recoil function therein, the track tensioning assembly 350 
eliminates the need for a separate recoil device thereby 
lowering costs associated with the design of the excavator 
210. 

Referring now to FIG. 15, there is shown a third embodi 
ment of a track tensioning assembly 450 which may be 
utilized in conjunction with the excavator 210. As shall be 
discussed below in greater detail, the track tensioning 
assembly 450 performs similar functions as the track ten 
Sioning assemblies 248 and 350. In particular, the track 
tensioning assembly 450 is configured to provide a relatively 
taut track configuration in order to prevent the excavator 210 
from rolling back and forth during a digging operation, but 
then loosen the tension on the drive track chain 238 during 
advancement of the excavator 210 in order to decrease 
undercarriage component wear. Moreover, the track tension 
ing assembly 450 also provides a recoil function thereby 
eliminating the need to provide Separate recoil components. 
The track tensioning assembly 450 utilizes similar con 

cepts as those which were described above in regard to 
operation of the track tensioning control system 158 of the 
track-type tractor 10. Moreover, the track tensioning assem 
bly 450 utilizes a number of components which are utilized 
in the track tensioning assembly 350. The same reference 
numerals are utilized to designate components which are 
common between the track tensioning assemblies 350, 450. 
The track tensioning assembly 450 includes a number of 

position Sensors 454 which are positioned in order to moni 
tor the position of a number of undercarriage components 
relative to one another. In particular, the position Sensors 454 
are provided to sense the position of the front idler wheels 
232. As shall be discussed below in greater detail, the 
position of the front idler wheels 232 may be utilized to 
provide “closed loop” control of the tension on the drive 
track chain 238. 

The position sensors 454 may be provided as any type of 
Sensor which is capable of Sensing the position of the front 
idler wheels 232. For example, the position sensors 454 may 
be embodied as known Sensors for detecting the position of 
the rods 400 relative to the housings 398. It should be 
appreciated that the position of the idler wheels 232 may be 
ascertained from the position of the rods 400 relative to the 
housings 398. Moreover, in an exemplary embodiment, the 
position Sensors 454 are provided as linear displacement 
transducers which Senses the linear distance between a 
sensing location associated with the front idler wheel 232 
and a Sensing location associated with another undercarriage 
component such as the frame assembly 228. As with the 
position Sensor 154, one commercially available Sensor 
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which is particularly useful as the sensor 454 of the present 
invention is a Series BTL-2 Linear Displacement Transducer 
which is commercially available Balluff, Incorporated. 
As shown in FIG. 15, the track tensioning assembly 450 

also includes an electrically-actuated control valve assembly 
456. The control valve assembly 456 controls actuation of 
the hydraulic cylinders 364, 366 in order to increase or 
decrease tension on the drive track chain 238. More 
Specifically, tension on the drive track chains 238 is adjusted 
by moving the front idler wheels 232 in a forward or 
backward direction. For example, when the front idler 
wheels 232 are moved in a forward direction (i.e. in the 
general direction of arrow 254 of FIGS. 7-8 and 15), tension 
on the drive track chain 238 is increased. Conversely, when 
the front idler wheels 232 are moved in a rearward direction 
(i.e. in the general direction of arrow 256 of FIGS. 7-8 and 
15), tension on the drive track chain 238 is decreased. 
Hence, the control valve assembly 456 may be operated to 
fluidly couple the hydraulic cylinders 364, 366 to a pres 
surized hydraulic fluid source 458 So as to increase fluid 
pressure communicated to the hydraulic cylinders 364, 366 
thereby increasing tension on the drive track chain 238, or 
may alternatively may be operated to fluidly couple the 
hydraulic cylinders 364, 366 to a reservoir 460 so as to 
decrease fluid pressure in the hydraulic cylinders 364, 366 
thereby decreasing tension on the drive track chain 238. 

The track tensioning assembly 450 also includes a number 
of mode Sensors 462 for Sensing the mode of operation in 
which the excavator 210 is being operated. In particular, the 
mode Sensors 462 are provided to determine if the operator 
is operating the excavator 210 in either its travel mode of 
operation in which the hydraulic excavator 210 is being 
advanced from one location to another or its work mode of 
operation in which the hydraulic excavator 210 is operated 
to perform a work function Such as a digging operation. AS 
described below, the mode sensors 462 may be provided as 
any one of a number of different Sensors. 

For example, the mode Sensor 462 may be provided as a 
preSSure Sensor for Sensing a change in hydraulic fluid 
pressure within the hydraulic drive circuit of the drive 
System 240. In Such a configuration, the mode Sensor 462 is 
utilized to determine that the excavator 210 is being oper 
ated in its travel mode of operation when fluid pressure 
within the drive system 240 is relatively high (e.g. above a 
predetermined pressure threshold). Conversely, the mode 
sensor 462 may also be utilized to determine that the 
excavator 210 is being operated in its work mode of opera 
tion when fluid pressure within the drive system 240 is 
relatively low (since the excavator 210 is not advanced 
during performance of a work function). 

The mode Sensor 462 may also be provided as a pressure 
Sensor for Sensing a change in hydraulic fluid preSSure 
within the implement fluid Supply circuit 464. It should be 
appreciated that the implement fluid Supply circuit 464 
includes the components necessary to Supply pressurized 
hydraulic fluid to the work implements associated with the 
excavator 210 such as the boom assembly 214 and the 
bucket 212. In Such a configuration, the mode Sensor 462 is 
utilized to determine that the excavator 210 is being oper 
ated in its work mode of operation when fluid pressure 
within the implement fluid supply system 464 is relatively 
high (e.g. above a predetermined pressure threshold). 

The mode sensor 462 may also be embodied as a position 
Sensor for Sensing position of one or more of the control 
devices 242 located in the cab 240. For example, the mode 
Sensor 462 may be provided as a position Sensor for Sensing 

15 

25 

35 

40 

45 

50 

55 

60 

65 

26 
position of the foot pedal assembly 246 which is utilized by 
the operator to advance the excavator 210. In Such a 
configuration, the mode Sensor 462 is utilized to determine 
that the excavator 210 is being operated in its travel mode of 
operation when the foot pedal assembly 246 is positioned in 
a first position Such as a depressed pedal position. 
Conversely, the mode sensor 462 may also be utilized to 
determine that the excavator 210 is being operated in its 
work mode of operation when the foot pedal assembly 246 
is positioned in a Second position Such as a released pedal 
position (since the excavator 210 is not advanced during 
performance of a work function). 

Moreover, the mode sensor 462 may also be embodied as 
a position Sensor for Sensing position of other control 
devices 242 located in the cab 240. For example, the mode 
Sensor 462 may be provided as a position Sensor for Sensing 
position of an implement control lever 466 which is utilized 
by the operator to operate the implements associated with 
the excavator 210 such as the boom assembly 214 and the 
bucket 212. In Such a configuration, the mode Sensor 462 is 
utilized to determine that the excavator 210 is being oper 
ated in its work mode of operation when the control lever 
466 is positioned in a first position Such as a forward or 
backward lever position. Conversely, the mode sensor 462 
may also be utilized to determine that the excavator 210 is 
being operated in its travel mode of operation when the 
control lever 466 is positioned in a Second position Such as 
a neutral lever position (since the implements associated 
with the excavator 210 are not operated during advancement 
of the excavator 210). 

It should be appreciated that the above-described embodi 
ments of the mode Sensor 462 are meant to be exemplary in 
nature, and that numerous other embodiments of the mode 
sensor 462 may be utilized to determine whether the exca 
vator 210 is being operated in its travel mode of operation 
or its work mode of operation. Accordingly, while the 
particular embodiments of the mode sensor 462 described 
herein provide significant advantages to the present 
invention, certain of Such advantages may be realized by 
utilization of numerous other embodiments of the mode 
sensor 462 other than those described herein. 
As shown in FIG. 15, the control valve assembly 456, the 

position sensors 454, and the mode sensor 462 are each 
electrically coupled to a processing unit Such as a controller 
470. The controller 470 may be a dedicated controller for 
controlling the components shown in FIG. 15, or may 
alternatively be integrated into another controller associated 
with the excavator 210 such as the engine controller (not 
shown), transmission controller (not shown), or implement 
controller (not shown). 
The controller 470 is essentially the same as the controller 

160 which was described above in regard to the track 
tensioning control system 158 of the track-type tractor 10. In 
particular, the controller 470 includes electrical components 
commonly found in other work machine controllerS Such as 
a microprocessor 472, a memory device 474, and an inter 
face circuit 476. The interface circuit 476 converts the 
output signals from the position Sensors 454 and the mode 
Sensor 462 into a Signal which is Suitable for presentation to 
an input of the microprocessor 472. In particular, an analog 
to-digital (A/D) converter (not shown) associated with the 
interface circuit 476 converts the analog Voltage or other 
type of output signal generated by the position Sensors 454 
and the mode sensor 462 into a digital value for use by the 
microprocessor 472. It should be appreciated that the mag 
nitude of the analog Voltage generated by the position Sensor 
454 is indicative of the position of the front idler wheels 232, 
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whereas the magnitude of the analog voltage (or other 
characteristic of the signal) generated by the mode Sensor 
462 is indicative of the mode of operation of the excavator 
210. 

The interface circuit 476 also converts output signals 
generated by the microprocessor 472 into a Signal which is 
suitable for use by a solenoid 478 associated with the control 
valve assembly 456. In particular, the interface circuit 476 
converts the output Signals from the microprocessor 472 into 
an analog actuation pulse which actuates the Solenoid 478 
thereby positioning the control valve assembly 456 into one 
of its actuated positions in order to cause extension or 
retraction of the hydraulic cylinders 364, 366 as described 
above. It should be further appreciated that the interface 
circuit 476 may be embodied as a discrete device or number 
of devices, or may be integrated into the microprocessor 
472. 

The memory device 474 is provided to store the code or 
set of instructions which are executed by the controller 470 
during operation of the track tensioning System 450. 
Moreover, operation parameters may also be Stored in the 
memory device 474. The memory device may be embodied 
as any known memory device such as RAM and/or ROM 
devices. 

As shown in FIG. 15, the position sensors 454 are 
electrically coupled to the controller 470 via a pair of signal 
lines 480. Hence, output signals generated by the position 
sensors 480 are communicated to the controller 470 via the 
Signal lines 480. AS discussed above, Such output signals 
may be generated and thereafter communicated by the 
position Sensors 454 in numerous forms. For example, the 
position Sensors 454 may generate output signals in the form 
of an analog DC voltage or in the form of a signal utilizing 
current-to-pulse Signal timing. 
The control valve assembly 456 is also electrically 

coupled to the controller 470. In particular, the Solenoid 478 
of the control valve assembly 456 is electrically coupled to 
the controller 470 via a signal line 482. Hence, the controller 
470 generates output signals in the form of actuation pulses 
on the signal line 482 which actuate the Solenoid 478 thereby 
positioning the control valve assembly 456 into a number of 
Valve positions which, as described above, Selectively 
extend or retract the rods 400 relative to the cylinder 
housings 398 of the hydraulic cylinders 364, 366 thereby 
Selectively increasing or decreasing tension on the drive 
track chain 238. 

The mode sensor 462 is also electrically coupled to the 
controller 470 via a signal line 484. As described above, the 
mode Sensor 462 is provided to Sense or otherwise determine 
whether the excavator 210 is being operated in either its 
drive mode of operation in which the excavator 210 is being 
advanced from one location to another, or its work mode of 
operation in which the excavator 210 is utilized to perform 
a work function Such as a digging function. Hence, the mode 
Sensor 462 generates output signals on the Signal line 484 
which are indicative of the mode of operation of the exca 
vator 210. 

The controller 470 communicates with the position sen 
sors 454, the control valve assembly 456, and the mode 
Sensor 462 in order to maintain a desired level of tension on 
the drive track chain 238. In particular, the controller 470 
initially executes a “Zeroing routine in which the controller 
470 causes all of the slack to be removed from the drive 
track chain 238. In order to accomplish this, the controller 
470 generates an output signal on the Signal line 482 So as 
to actuate the Solenoid 478 of the control valve assembly 456 
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thereby causing pressurized hydraulic fluid to be advanced 
to the hydraulic cylinders 364, 366 from the fluid source 
458. The presence of pressurized hydraulic fluid at the head 
end of the hydraulic cylinders 364, 366 causes the rods 400 
of the cylinders 364, 366 to be extended or otherwise moved 
in the forward direction (i.e. in the general direction of arrow 
254 of FIGS. 7-8 and 15). Such forward movement of the 
rods 400 likewise urges the front idler wheels 232 in the 
forward direction (i.e. in the general direction of arrow 254 
of FIGS. 7-8 and 15) thereby increasing tension on the drive 
track chain 238. It should be appreciated that the above 
described procedure continues until Substantially all of the 
slack has been removed from the drive track chain 238. It 
should be appreciated that numerous techniques may be 
utilized to determine when substantially all of the slack has 
been removed from the drive track chain 238. For example, 
visual inspection of the drive track chain 238 may be 
performed in order to determine when the track chain 238 is 
taut or otherwise has substantially all of the slack removed 
therefrom. Moreover, a pressure Sensor may be utilized to 
determine when fluid pressure within the hydraulic cylinders 
364, 366 increases to a pressure level indicative of substan 
tially all of the slack having been removed from the drive 
track chain 238. In addition, the position sensors 454 may be 
utilized to determine if Subsequent additions of hydraulic 
fluid into the hydraulic cylinders 364, 366 are unable to 
further extend the rods 400 (i.e. unable to further move the 
front idler wheels 232) thereby indicating that substantially 
all of the slack has been removed from the drive track chain 
238. 

In any event, once the controller 470 has established a 
“Zero position” (i.e. substantially all of the slack has been 
removed from the drive track chain 238), a predetermined 
amount of hydraulic fluid is then removed from the hydrau 
lic cylinders 364, 366 in order to retract or otherwise move 
the rods 400 in a rearward direction (i.e. in the general 
direction of arrow 256 of FIGS. 7-8 and 15) by a predeter 
mined distance. In particular, the controller 470 generates an 
output signal on the Signal line 482 So as to actuate the 
Solenoid 478 of the control valve assembly 456 thereby 
causing pressurized hydraulic fluid to be drained from the 
hydraulic cylinders 364, 366 to the reservoir 460. The 
removal of pressurized hydraulic fluid from the head end of 
the hydraulic cylinders 364, 366 causes movement of the 
rods 400 of the cylinders 364, 366 in the rearward direction 
(i.e. in the general direction of arrow 256 of FIGS. 7-8 and 
15). Such rearward movement of the rods 400 likewise urges 
the front idler wheels 232 in the rearward direction (i.e. in 
the general direction of arrow 256 of FIGS. 7-8 and 15) 
thereby decreasing tension on the drive track chain 238. 
Once the position sensors 454 detect that the respective front 
idler wheels 232 have been moved rearwardly the predeter 
mined distance, the controller 470 ceases to generate output 
Signals on the Signal line 482 thereby ceasing retraction of 
the rods 400 of the hydraulic cylinders so as to position the 
front idler wheels 232 in a “traveling position”. It should be 
appreciated that retraction of the rods 400 of the hydraulic 
cylinders 364, 366 by the predetermined distance creates a 
corresponding predetermined amount of Slack in the drive 
track chain 238. 

Thereafter, the position sensors 454 are utilized to main 
tain the front idler wheels 232 in the traveling position 
during advancement of the excavator 210. In particular, if 
the position sensors 454 detect that the position of the one 
of the front idler wheels 232 changes in a manner which is 
indicative that tension on the drive track chain 238 has 
decreased, the controller 470 controls operation of the 
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control valve assembly 456 so as to increase fluid pressure 
in the head end of the corresponding hydraulic cylinder 364, 
366 in the manner described above So as to move the 
affected front idler wheel 232 in the forward direction (i.e. 
in the general direction of arrow 254 of FIGS. 7-8 and 15) 
So as to incrementally increase tension on the drive track 
chain 238. Once the affected front idler wheel 232 has been 
advanced back to its traveling position (as Sensed by the 
appropriate position sensor 454), the controller 470 ceases to 
increase fluid pressure in the head end of the corresponding 
hydraulic cylinder 364, 366 thereby ceasing forward 
advancement of the rod 400 and hence the front idler wheel 
232. 

Conversely, if the position sensors 454 detect that the 
position of the one of the front idler wheels 232 changes in 
a manner which is indicative that tension on the drive track 
chain has increased, the controller 470 controls operation of 
the control valve assembly 456 so as to decrease fluid 
preSSure in the head end of the corresponding hydraulic 
cylinder 364, 366 in the manner described above so as to 
move the affected front idler wheel 232 in the rearward 
direction (i.e. in the general direction of arrow 256 of FIGS. 
7-8 and 15) so as to incrementally decrease tension on the 
drive track chain 238. Once the affected front idler wheel 
232 has been advanced back to its traveling position (as 
Sensed by the appropriate position Sensor 454), the control 
ler 470 ceases to decrease fluid pressure in the head end of 
the corresponding hydraulic cylinder 364, 366 thereby ceas 
ing rearward advancement of the rod 400 and hence the front 
idler wheel 232. 

It should be appreciated that such “closed loop” control of 
the tension on the drive track chain 238 prevents the 
excavator 210 from being advanced for a period of time with 
an undesirable amount of tension (either too high or too low) 
in the drive track chain 238 thereby increasing the efficiency 
of the excavator 210 while also increasing the useful life of 
the components associated with the undercarriage assembly 
226. Moreover, it should be appreciated that the controller 
470 may also be configured to automatically re-execute the 
"Zeroing procedure at predetermined intervals So as to 
account for normal wear in the components associated with 
the drive track chain 238. 

Moreover, it should be appreciated that a pressure relief 
valve (not shown) may be fluidly interposed between the 
control valve assembly 456 and the hydraulic cylinders 364, 
366 in order to provide a recoil function to the undercarriage 
assembly 226. In particular, if a rock or the like is ingested 
by the undercarriage assembly 226 during advancement of 
the excavator 210, one of the front idler wheels 232 is urged 
or otherwise moved rearwardly (i.e. in the general direction 
of arrow 256 of FIGS. 7-8 and 15) thereby increasing fluid 
preSSure in the Supply lines from the control valve assembly 
456 to the hydraulic cylinders 364, 366. Once fluid pressure 
within the Supply lines is greater in magnitude than the relief 
Setting of the pressure relief valve (e.g. 6,000 psi), hydraulic 
fluid within the Supply lines and the affected hydraulic 
cylinder 364, 366 is exhausted to the reservoir 460 via the 
pressure relief valve thereby allowing the rod 400 (and 
hence the corresponding front idler wheel 232) to be urged 
or otherwise moved in the rearward direction (i.e. in the 
general direction of arrow 256 of FIGS. 7-8 and 15) thereby 
providing relief or slack in the affected drive track chain 238. 
It should be appreciated that such relief in the drive track 
chain 238 facilitates expulsion of the rock from the under 
carriage assembly 226. 

Once the rock has been expelled from the undercarriage 
assembly 226, the front idler wheel 232 is returned to its 
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previous traveling position thereby returning the drive track 
chain 238 to its previous tension level. In particular, the 
controller 470 controls actuation of the control valve assem 
bly 456 based on output from the position sensors 454 in 
order to return the front idler wheel 232 to its previous 
traveling position thereby returning the drive track chain 238 
to its previous tension level. It should be appreciated that the 
controller 470 may alternatively be configured to execute the 
"Zeroing procedure” So as to reset the traveling position of 
the front idler wheel 232 after each recoil event. 

It should also be appreciated that the configuration of the 
track tensioning assembly 450 allows for operation of the 
excavator 210 in a Similar manner as the track tensioning 
assemblies 248 and 350. In particular, the track tensioning 
assembly 450 is configured to provide a relatively taut track 
configuration in order to prevent the excavator 210 from 
rolling back and forth during a digging operation, but then 
loosen the tension on the drive track chain 238 to a prede 
termined tension level during advancement of the excavator 
210 in order to decrease undercarriage component wear. 

In order to provide such functionality, the controller 470 
monitors output from the mode sensor 462. As described 
above, output from the mode sensor 462 is indicative of 
whether the excavator 210 is being operated in its work 
mode of operation in which the excavator 210 is utilized to 
perform a work function, or its travel mode of operation in 
which the excavator 210 is advanced from one location to 
another. 

If output from the mode sensor 462 indicates that the 
excavator 210 is being operated in its work mode of 
operation, the controller 470 generates an implement-active 
control which causes substantially all of the slack to be 
removed from the drive track chain 238. In order to accom 
plish this, the controller 470 generates an increase-tension 
control Signal on the Signal line 482 So as to actuate the 
Solenoid 478 of the control valve assembly 456 thereby 
causing pressurized hydraulic fluid to be advanced to the 
hydraulic cylinders 364, 366 from the fluid source 458. The 
presence of pressurized hydraulic fluid at the head end of the 
hydraulic cylinders 364, 366 causes the rods 400 of the 
cylinders 364, 366 to be extended or otherwise moved in the 
forward direction (i.e. in the general direction of arrow 254 
of FIGS. 7-8 and 15). Such forward movement of the rods 
400 likewise urges the front idler wheels 232 in the forward 
direction (i.e. in the general direction of arrow 254 of FIGS. 
7-8 and 15) thereby increasing tension on the drive track 
chain 238. It should be appreciated that the above-described 
procedure continues until Substantially all of the Slack has 
been removed from the drive track chain 238. AS described 
above, numerous techniques may be utilized to determine 
when substantially all of the slack has been removed from 
the drive track chain 238. For example, visual inspection of 
the drive track chain 238 may be performed in order to 
determine when the track chain 238 is taut or otherwise has 
substantially all of the slack removed therefrom. Moreover, 
a pressure Sensor may be utilized to determine when fluid 
pressure within the hydraulic cylinders 364, 366 increases to 
a pressure level indicative of Substantially all of the Slack 
having been removed from the drive track chain 238. In 
addition, the position sensors 454 may be utilized to deter 
mine if Subsequent additions of hydraulic fluid into the 
hydraulic cylinders 364,366 are unable to further extend the 
rods 400 (i.e. unable to further move the front idler wheels 
232) thereby indicating that substantially all of the slack has 
been removed from the drive track chain 238. 

Once substantially all of the slack has been removed from 
the drive track chain 238, a track-taut control Signal is 
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generated and the excavator 210 may be operated to perform 
a work function Such as a digging operation. In particular, 
hydraulic pressure from the implement fluid Supply circuit 
464 is selectively directed to the components associated with 
the implement assembly of the excavator 210 such as the 
boom assembly 214 and the bucket 212 in order to perform 
the work function. 

Thereafter, if the mode sensor 462 subsequently detects 
that the excavator 210 is being operated in its drive mode of 
operation, the controller 470 generates a machine 
advancement control Signal which causes a predetermined 
amount of slack to be introduced into the drive track chain 
238. In order to accomplish this, the controller 470 causes 
hydraulic fluid to be removed from the head end of the 
hydraulic cylinders 364, 366 in order to retract or otherwise 
move the rods 400 in a rearward direction (i.e. in the general 
direction of arrow 256 of FIGS. 7-8 and 15) by a predeter 
mined distance. In particular, the controller 470 generates a 
decrease-tension control Signal on the Signal line 482 So as 
to actuate the Solenoid 478 of the control valve assembly 456 
thereby causing pressurized hydraulic fluid to be drained 
from the hydraulic cylinders 364, 366 to the reservoir 460. 
The removal of pressurized hydraulic fluid from the head 
end of the hydraulic cylinders 364, 366 causes movement of 
the rods 400 of the cylinders 364, 366 in the rearward 
direction (i.e. in the general direction of arrow 256 of FIGS. 
7-8 and 15). Such rearward movement of the rods 400 
likewise urges the front idler wheels 232 in the rearward 
direction (i.e. in the general direction of arrow 256 of FIGS. 
7-8 and 15) thereby decreasing tension on the drive track 
chain 238. Once the position sensors 454 detect that the 
respective front idler wheels 232 have been moved rear 
wardly by the predetermined distance, the controller 470 
ceases to generate output signals on the Signal line 482 
thereby ceasing retraction of the rods 400 of the hydraulic 
cylinders 364, 366 so as to position the front idler wheels 
232 in their respective traveling positions. It should be 
appreciated that retraction of the rods 400 of the hydraulic 
cylinders 364, 366 by the predetermined distance creates a 
corresponding predetermined amount of Slack in the drive 
track chain 238. Once the front idler wheels 232 have been 
positioned in their respective traveling positions, a tension 
reduced control Signal is generated and the hydraulic com 
ponents associated with the drive system 240 may be 
utilized to advance the excavator 210 in the desired direc 
tion. During such advancement of the excavator 210, the 
controller 470 monitors output from the position sensors 454 
in order to maintain the front idler wheels 232 in their 
respective traveling positions in the manner previously 
discussed. 

Hence, as described herein, the track tensioning assembly 
450 provides numerous advantages over heretofore designed 
track tensioning assemblies. For example, by automatically 
Switching between a relatively taut track configuration and 
a loosened track configuration, the excavator 210 is pre 
vented from rolling back and forth during a digging 
operation, but yet also gains the benefit of decreased under 
carriage component wear during advancement of the exca 
vator 210. Moreover, by incorporating a recoil function 
therein, the track tensioning assembly 450 eliminates the 
need for a separate recoil device thereby lowering costs 
associated with the design of the excavator 210. 
Industrial Applicability 

In particular regard to operation of the track-type tractor 
10, the controller 160 of the track tensioning control system 
158 communicates with the position sensor 154, the master 
valve assembly 90, the inlet control valve 142, and the outlet 
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control valve 144 in order to maintain a desired level of 
tension on the drive track chain 28. In particular, the 
controller 160 initially executes a “Zeroing routine in which 
the controller 160 causes substantially all of the slack to be 
removed from the drive track chain 28 in the manner 
described above. Once the controller 160 has established a 
“Zero position” (i.e. substantially all of the slack has been 
removed from the drive track chain 28), a predetermined 
amount of hydraulic fluid is then removed from the fluid 
chamber 54 in order to retract or otherwise move the piston 
48 in a rearward direction (i.e. in the general direction of 
arrow 44 of FIGS. 2 and 4) by a predetermined distance so 
as to position the front frame member 32 (and hence the 
front idler wheel 22) in a “target position”. It should be 
appreciated that retraction of the piston 48 by the predeter 
mined distance creates a corresponding predetermined 
amount of slack in the drive track chain 28. 

Thereafter, the position sensor 154 is utilized to maintain 
the front frame member 32 (and hence the front idler wheel 
22) in the target position. In particular, if the position Sensor 
154 detects that the linear distance D from the front frame 
member 32 to the rear frame member 34 decreases thereby 
indicating that tension on the drive track chain has 
decreased, the controller 160 controls operation of the 
master valve assembly 90 and the inlet control valve 142 so 
as to increase fluid pressure in the fluid chamber 54 of the 
actuator 48 in the manner described above so as to move the 
front frame member 32 in the forward direction (i.e. in the 
general direction of arrow 42 of FIGS. 2 and 4) so as to 
incrementally increase tension on the drive track chain 28. 
Once the front frame member 32 has been advanced back to 
the target position (as Sensed by the position Sensor 154), the 
controller 160 ceases to increase fluid pressure in the fluid 
chamber 54 thereby ceasing forward advancement of the 
piston 48. 

Conversely, if the position sensor 154 detects that the 
linear distance D from the front frame member 32 to the rear 
frame member 34 increases thereby indicating that tension 
on the drive track chain has increased, the controller 160 
controls operation of the master valve assembly 90 and the 
outlet control valve 144 So as to incrementally decrease fluid 
pressure in the fluid chamber 54 of the actuator 48 in the 
manner described above So as to move the front frame 
member 32 in the rearward direction (i.e. in the general 
direction of arrow 44 of FIGS. 2 and 4) so as to decrease 
tension on the drive track chain 28. Once the front frame 
member 32 has been advanced back to the target position (as 
sensed by the position sensor 154), the controller 160 ceases 
to decrease fluid pressure in the fluid chamber 54 thereby 
ceasing rearward advancement of the piston 48. 
As described in detail above, such “closed loop” control 

of the tension on the drive track chain 28 prevents the 
track-type tractor 10 from being operated for a period of 
time with an undesirable amount of tension (either too high 
or too low) in the drive track chain 28 thereby increasing the 
efficiency of the track-type tractor 10 while also increasing 
the useful life of the components associated with the under 
carriage assembly 16. Moreover, it should be appreciated 
that the controller 160 may also be configured to automati 
cally re-execute the “Zeroing procedure at predetermined 
intervals So as to account for normal wear in the components 
associated with the drive track chain 28. 

Moreover, as described in detail above, the use of a 
pressure relief valve (not shown) which is fluidly interposed 
between the fluid port 138 of the valve group 58 and the fluid 
port 140 of the actuator 46 provides a recoil function to the 
undercarriage assembly 16. In particular, if a rock or the like 
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is ingested by the undercarriage assembly 16 during 
advancement of the track-type tractor 10, the front idler 
wheel 22 is urged or otherwise moved rearwardly (i.e. in the 
general direction of arrow 44 of FIGS. 2 and 4) thereby 
increasing fluid pressure in the fluid chamber 54 of the 
actuator 46. Once fluid pressure within the fluid chamber 54 
is greater in magnitude than the relief Setting of the pressure 
relief valve (e.g. 6,000 psi), hydraulic fluid within the fluid 
chamber 54 is exhausted to the reservoir 72 via the pressure 
relief valve thereby allowing the piston 48 (and hence the 
front frame member 32 and the front idler wheel 22) to be 
urged or otherwise moved in the rearward direction (i.e. in 
the general direction of arrow 44 of FIGS. 2 and 4) thereby 
providing relief or slack in the drive track chain 28. It should 
be appreciated that such relief in the drive track chain 28 
facilitates expulsion of the rock from the undercarriage 
assembly 16. 
Once the rock has been expelled from the undercarriage 

assembly 16, the front frame member 32 is returned to its 
previous target position thereby returning the drive track 
chain 28 to its previous tension level. In particular, the 
controller 160 controls actuation of the valves 90, 142, and 
144 based on output from the position sensor 154 in order to 
return the front frame member 32 (and hence the front idler 
wheel 22) to its previous target position thereby returning 
the drive track chain 28 to its previous tension level. 

In regard to operation of the hydraulic excavator 210 
equipped with the track tensioning assembly 248, actuation 
or deactuation of the hydraulic drive system 240 may be 
monitored in order to determine the mode of operation in 
which the excavator 210 is being operated. In particular, 
fluid pressure communicated from the hydraulic drive SyS 
tem 240 may be utilized to determine if the excavator 210 is 
being operated in a work mode of operation in which the 
excavator 210 is utilized to perform a work function such as 
a digging function, or a travel mode of operation in which 
the excavator 210 is advanced from one location to another. 
When the excavator 210 is being operated in its work mode 
of operation, the control valve assembly 288 is positioned in 
its increase-tension position, as shown in FIG. 10. When the 
control valve assembly 288 is positioned in its increase 
tension position, the master piston 276 is urged leftwardly 
(as viewed in FIGS. 9 and 10) in the manner described above 
So as to increase fluid pressure in the main chamber 260. 
Such an increase in fluid pressure in the main chamber 260 
urges the head end portion 282 of the slave piston 280 in the 
forward direction (i.e. in the general direction of arrow 254 
of FIGS. 8-10) thereby likewise moving the front idler 
wheel 232 in the forward direction until substantially all of 
the slack is removed from the drive track chain 238 (i.e. the 
track is taut). It should be appreciated that Such an increase 
in tension on the drive track chain 238 during a digging 
operation facilitates operation of the excavator 210 by 
rendering the excavator 210 less likely to roll back and forth 
within the inner portion of the drive track chain 238. 

If an increase in fluid pressure is Sensed in the fluid line 
314, thereby indicating that the excavator 210 is being 
operated in its travel mode of operation, the control valve 
assembly 288 is positioned in its decrease-tension position, 
as shown in FIG.9. When the control valve assembly 288 is 
positioned in its decrease-tension position, hydraulic fluid 
within the master chamber 272 is exhausted or otherwise 
vented to the reservoir 308 thereby decreasing fluid pressure 
in the main chamber 260. Such a decrease in fluid pressure 
in the main chamber 260 causes movement of the master 
piston 276 in a rightwardly direction (as viewed in FIGS. 9 
and 10) until movement of the master piston 276 is stopped 
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by a stop 328. Such rightward movement of the master 
piston 276 decreases fluid pressure in the main chamber 260 
so as to urge the head end portion 282 of the slave piston 280 
in the rearward direction (i.e. in the general direction of 
arrow 256 of FIGS. 8-10) thereby likewise moving the front 
idler wheel 232 in the rearward direction. The distance in 
which the idler wheel 232 is retracted (i.e. moved in the 
general direction of arrow 256 of FIGS. 8-10) corresponds 
to the stroke length of the master piston 276. As described 
above, hydraulic fluid lost during venting of the master 
chamber 272 is replaced in the accumulator by use of 
hydraulic fluid from the drive system 240. 
AS described above, the design of the track tensioning 

System 248 provides a recoil function to the undercarriage 
assembly 226 thereby eliminating the need for a separate 
recoil assembly Such as a Spring or the like. In particular, the 
combination of the check valve 334 and the pressure relief 
valve 336 allows for selective movement of the recoil piston 
264 in the event that a rock or the like is ingested by the 
undercarriage assembly 226 during advancement of the 
excavator 210. Such movement of the recoil piston 264 
causes corresponding movement of the front idler wheel 
232. Hence, if during advancement of the excavator 210, a 
rock or the like is ingested by the undercarriage assembly 
226 thereby urging the idler wheel 232 and hence the piston 
head end 282 of the slave piston rearwardly (i.e. in the 
general direction of arrow 256 of FIGS. 8-10), fluid pressure 
is exerted on a first end 338 of the recoil piston 264 thereby 
increasing fluid pressure in the recoil Subchamber 262. 
Hydraulic fluid is prevented from flowing from the recoil 
subchamber 262 back to the accumulator 290 by the check 
valve 334 (see FIG. 9). However, if fluid pressure in the 
recoil Subchamber 262 increases beyond the relief Setting of 
the pressure relief valve 336 (e.g. 6,000 psi), the relief valve 
336 opens thereby allowing fluid to be advanced from the 
recoil subchamber 262 to the accumulator 290. This causes 
rightward movement of the recoil piston 264 (as viewed in 
FIGS. 9 and 10) thereby allowing the slave piston 280 and 
hence the idler wheel 232 to be moved in a rearward 
direction (i.e. in the general direction of arrow 256 of FIGS. 
9-10) thereby providing relief or slack in the drive track 
chain 238. It should be appreciated that such relief in the 
drive track chain 238 facilitates expulsion of the rock from 
the undercarriage assembly 226. Once the rock has been 
expelled from the undercarriage assembly 226, fluid pres 
Sure from the accumulator 290 is returned to the recoil 
Subchamber 262 thereby again urging the recoil piston 
leftwardly (as viewed in FIGS. 9 and 10) against the stop 
320 which returns the slave piston 280 and hence the idler 
wheel 232 to its previous position thereby returning the 
drive track chain 238 to its previous tension Setting. 

In regard to operation of the hydraulic excavator 210 
equipped with the track tensioning assembly 350, actuation 
or deactuation of the hydraulic drive system 240 may be 
monitored in order to determine the mode of operation in 
which the excavator 210 is being operated in a similar 
manner as to that described above in regard to the track 
tensioning assembly 248. In particular, fluid preSSure com 
municated from the hydraulic drive system 240 may be 
utilized to determine if the excavator 210 is being operated 
in a work mode of operation in which the excavator 210 is 
utilized to perform a work function Such as a digging 
function, or a travel mode of operation in which the exca 
vator 210 is advanced from one location to another. When 
the excavator 210 is being operated in its work mode of 
operation, the control valve 352 is positioned in its increase 
tension position, as shown in FIG. 12. When the control 
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Valve 352 is positioned in its increase-tension position, 
pressurized hydraulic fluid is advanced from the pump 354 
to the fluid chamber 374 of the slack adjuster device 356. 
Presence of fluid pressure within the fluid chamber 374, 
along with the bias of the springs 386, urges the pistons 382, 
384 in opposite outward directions So as to position the 
pistons 382, 384 in their respective increase-tension posi 
tions at opposite end portions of the fluid chamber 374. Fluid 
pressure in the fluid chamber 374 also causes the check 
valves 388 to be positioned in their respective open check 
positions thereby allowing pressurized hydraulic fluid to 
advance to the hydraulic cylinders 364, 366 so as to cause 
extension of the rods 400 (i.e. movement of the rods 400 in 
the general direction of arrow 254 relative to the housings 
398) thereby causing corresponding movement of the idler 
wheels 232 So as to increase tension on the drive track chains 
238. 

If an increase in fluid pressure is Sensed in the fluid line 
370 thereby indicating that the excavator 210 is being 
operated in its travel mode of operation, the control valve 
352 is positioned in its decrease-tension position, as shown 
in FIG. 11. When the control valve 352 is positioned in its 
decrease-tension position, hydraulic fluid within the fluid 
chamber 374 of the slack adjuster device 356 is exhausted or 
otherwise vented to the reservoir 402 thereby causing retrac 
tion of the rods 400 (i.e. movement of the rods 400 in the 
general direction of arrow 256 relative to the housings 398) 
which causes corresponding movement of the idler wheels 
232 So as to decrease tension on the drive track chains 238. 
The distance in which the idler wheels 232 are retracted (i.e. 
moved in the general direction of arrow 256 of FIGS. 7-8 
and 11-12) corresponds to the stroke length of the pistons 
382, 384 thereby achieving a desirable traveling track ten 
Sion level. 

The design of the track tensioning system 350 provides a 
recoil function to the undercarriage assembly 226 thereby 
eliminating the need for a separate recoil assembly Such as 
a Spring or the like. In particular, the combination of the 
accumulators 358, 360 and the pressure relief valve 362 
allows for movement of the front idler wheels 232 in the 
event that a rock or the like is ingested by the undercarriage 
assembly 226 during advancement of the excavator 210. In 
particular, if during advancement of the excavator 210, a 
rock or the like is ingested by the undercarriage assembly 
226 thereby urging the idler wheel232 rearwardly (i.e. in the 
general direction of arrow 256 of FIGS. 7-8 and 11-12), 
hydraulic fluid is advanced out of the hydraulic cylinders 
364, 366 and into the accumulators 358, 360, respectively. 
Hydraulic fluid is prevented from flowing through the slack 
adjuster device 356 and to the reservoir 402 by the check 
valves 388. Such advancement of hydraulic fluid out of the 
hydraulic cylinders 364, 366 and into the fluid accumulators 
358, 360, respectively, causes the idler wheels 232 to be 
moved in the rearward direction (i.e. in the general direction 
of arrow 256 of FIGS. 7-8 and 11-12) thereby providing 
relief or slack in the drive track chain 238. It should be 
appreciated that such relief in the drive track chain 238 
facilitates expulsion of the rock from the undercarriage 
assembly 226. Once the rock has been expelled from the 
undercarriage assembly 226, fluid preSSure from the accu 
mulators 358, 360 is returned to the hydraulic cylinders 364, 
366, respectively, thereby again urging the idler wheels 232 
in a forward direction (i.e. in the general direction of arrow 
254 of FIGS. 7-8 and 11–12) to their previous position 
thereby returning the drive track chain 238 to its previous 
tension Setting. 

However, if fluid pressure in the fluid lines 394, 396 
increases beyond the relief Setting of the pressure relief 
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valve 362 (e.g. 6,000 psi), the relief valve 362 opens thereby 
allowing fluid to be advanced to the reservoir 402. This 
provides additional relief to the components associated with 
the undercarriage assembly 226 thereby preventing damage 
thereto. Once pressure in the fluid lines 394, 396 decreases 
below the relief Setting of the pressure relief valve (e.g. 
6,000 psi), the relief valve closes thereby preventing addi 
tional fluid from being advanced to the reservoir 402. It 
should be appreciated that fluid lost during opening of the 
relief valve 362 may be replaced by the accumulators 358, 
360. Moreover, the slack adjuster device 356 may be cycled 
in order to provide additional fluid, if necessary. 

In regard to operation of the hydraulic excavator 210 
equipped with the track tensioning assembly 450, the con 
troller 470 monitors output from the mode sensor 462 in 
order to determine whether the excavator 210 is being 
operated in its work mode of operation in which the exca 
vator 210 is utilized to perform a work function, or its travel 
mode of operation in which the excavator 210 is advanced 
from one location to another. If output from the mode Sensor 
462 indicates that the excavator 210 is being operated in its 
work mode of operation, the controller 470 causes substan 
tially all of the slack to be removed from the drive track 
chain 238 by generating an output Signal on the Signal line 
482 which actuates the Solenoid 478 of the control valve 
assembly 456 thereby causing pressurized hydraulic fluid to 
be advanced to the hydraulic cylinders 364, 366 from the 
fluid source 458. The presence of pressurized hydraulic fluid 
at the head end of the hydraulic cylinders 364, 366 causes 
the rods 400 of the cylinders 364, 366 to be extended or 
otherwise moved in the forward direction (i.e. in the general 
direction of arrow 254 of FIGS. 7-8 and 15). Such forward 
movement of the rods 400 likewise urges the front idler 
wheels 232 in the forward direction (i.e. in the general 
direction of arrow 254 of FIGS. 7-8 and 15) thereby 
increasing tension on the drive track chain 238 until Sub 
stantially all of the slack has been removed from the drive 
track chain 238. 
Once substantially all of the slack has been removed from 

the drive track chain 238, the excavator 210 may be operated 
to perform a work function Such as a digging operation. In 
particular, hydraulic pressure from the implement fluid 
Supply circuit 464 is Selectively directed to the components 
asSociated with the implement assembly of the excavator 
210 such as the boom assembly 214 and the bucket 212 in 
order to perform the work function. 

Thereafter, if the mode sensor 462 subsequently detects 
that the excavator 210 is being operated in its drive mode of 
operation, the controller 470 causes a predetermined amount 
of slack to be introduced into the drive track chain 238 by 
causing hydraulic fluid to be removed from the hydraulic 
cylinders 364, 366 in order to retract or otherwise move the 
rods 400 in a rearward direction (i.e. in the general direction 
of arrow 256 of FIGS. 7-8 and 15) by a predetermined 
distance. In particular, the controller 470 communicates with 
the control valve assembly 456 so as to cause pressurized 
hydraulic fluid to be drained from the hydraulic cylinders 
364, 366 to the reservoir 460. The removal of pressurized 
hydraulic fluid from the head end of the hydraulic cylinders 
364, 366 causes movement of the rods 400 of the cylinders 
364, 366 in the rearward direction (i.e. in the general 
direction of arrow 256 of FIGS. 7-8 and 15). Such rearward 
movement of the rods 400 likewise urges the front idler 
wheels 232 in the rearward direction (i.e. in the general 
direction of arrow 256 of FIGS. 7-8 and 15) thereby 
decreasing tension on the drive track chain 238. Once the 
position sensors 454 detect that the front idler wheels 232 
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have been moved rearwardly by the predetermined distance, 
the controller 470 ceases to generate output signals on the 
signal line 482 thereby ceasing retraction of the rods 400 of 
the hydraulic cylinders 364, 366 So as to position the front 
idler wheels 232 in their respective traveling positions. It 
should be appreciated that retraction of the rods 400 of the 
hydraulic cylinders 364, 366 by the predetermined distance 
creates a corresponding predetermined amount of Slack in 
the drive track chain 238. Once the front idler wheels 232 
have been positioned in their respective traveling positions, 
the hydraulic components associated with the drive System 
240 may be utilized to advance the excavator 210 in the 
desired direction. During Such advancement of the excavator 
210, the controller 470 monitors output from the position 
sensors 454 in order to maintain the front idler wheels 232 
in their respective traveling positions in the manner previ 
ously discussed. 

Moreover, during advancement of the excavator 210, the 
track tensioning assembly 450 provides a recoil function to 
the undercarriage assembly 226. In particular, if a rock or the 
like is ingested by the undercarriage assembly 226 during 
advancement of the excavator 210, one of the front idler 
wheels 232 is rged or otherwise moved rearwardly (i.e. in 
the general direction of arrow 256 of FIGS. 7-8 and 15) 
thereby increasing fluid pressure in the Supply lines from the 
control valve assembly 456 to the hydraulic cylinders 364, 
366. Once fluid pressure within the Supply lines is greater in 
magnitude (e.g. 6,000 psi) than the relief Setting of the 
pressure relief valve (not shown) which is interposed 
between the control valve assembly 456 and the hydraulic 
cylinders 364, 366, hydraulic fluid within the Supply lines 
and the affected hydraulic cylinder 364, 366 is exhausted to 
the reservoir 460 via the pressure relief valve thereby 
allowing the rod 400 (and hence the corresponding front 
idler wheel 232) to be urged or otherwise moved in the 
rearward direction (i.e. in the general direction of arrow 256 
of FIGS. 7-8 and 15) thereby providing relief or slack in the 
drive track chain 238. It should be appreciated that such 
relief in the drive track chain 238 facilitates expulsion of the 
rock from the undercarriage assembly 16. Once the rock has 
been expelled from the undercarriage assembly 226, the 
front idler wheel 232 is returned to its previous traveling 
position thereby returning the drive track chain 238 to its 
previous tension level. In particular, the controller 470 
controls actuation of the control valve assembly 456 based 
on output from the position sensors 454 in order to return the 
affected front idler wheel 232 to its previous traveling 
position thereby returning the drive track chain 238 to its 
previous tension level. 

While the invention has been illustrated and described in 
detail in the drawings and foregoing description, Such illus 
tration and description is to be considered as exemplary and 
not restrictive in character, it being understood that only the 
preferred embodiments have been shown and described and 
that all changes and modifications that come within the Spirit 
of the invention are desired to be protected. 

There are a plurality of advantages of the present inven 
tion arising from the various features of the work machines 
described herein. It will be noted that alternative embodi 
ments of the work machines of the present invention may not 
include all of the features described yet still benefit from at 
least Some of the advantages of Such features. Those of 
ordinary skill in the art may readily devise their own 
implementations of the work machines that incorporate one 
or more of the features of the present invention and fall 
within the Spirit and Scope of the present invention as 
defined by the appended claims. 
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What is claimed is: 
1. A track tensioning assembly for adjusting tension on a 

drive track chain of a work machine, comprising: 
a main housing defining a main chamber; 
a recoil piston positioned within Said main chamber, Said 

recoil piston having a recoil central passage defined 
therein; 

a master piston Secured within Said recoil central passage, 
Said master piston (i) increases fluid pressure in Said 
main chamber when said master piston is positioned in 
a first master position, and (ii) decreases fluid pressure 
within Said main chamber when Said master piston is 
positioned in a Second master position; and 

a slave piston having a first end positioned within Said 
main chamber and a Second end extending out of Said 
main housing So as to be mechanically coupled to Said 
drive track chain, Said slave piston (i) increases tension 
on Said drive track chain when Said slave piston is 
positioned in a first Slave position, and (ii) decreases 
tension on Said drive track chain when Said Slave piston 
is positioned in a Second slave position, 

wherein movement of Said master piston from Said first 
master position to Said Second master position causes 
movement of Said slave piston from Said first Slave 
position to Said Second Slave position. 

2. The track tensioning assembly of claim 1, wherein: 
Said master piston is housed in a master housing having a 

master chamber and a master port defined therein, 
Said master housing is positioned within Said recoil cen 

tral passage, and 
Said master port fluidly couples Said master chamber to 

Said main chamber. 
3. The track tensioning assembly of claim 2, further 

comprising a master check valve, wherein: 
Said master piston has a master central passage defined 

therein, and 
Said master check valve is positioned within Said master 

central passage. 
4. The track tensioning assembly of claim 2, further 

comprising (i) a hydraulic pressure Source, and (ii) a control 
Valve assembly, wherein: 

an input port of Said control valve assembly is fluidly 
coupled to Said hydraulic pressure Source, 

an output port of Said control valve assembly is fluidly 
coupled to Said master chamber, 

Said control valve assembly has a first control position and 
a Second control position, 

Said master chamber is fluidly coupled to Said hydraulic 
preSSure Source So as to position Said master piston in 
Said first master position when said control valve 
assembly is positioned in Said first control position, and 

Said master chamber is isolated from Said hydraulic 
preSSure Source So as to position Said master piston in 
Said Second master position when Said control valve 
assembly is positioned in Said Second control position. 

5. The track tensioning assembly of claim 4, wherein: 
Said work machine includes a hydraulic drive motor for 

driving Said drive track chain, 
a pilot port of said control valve assembly is fluidly 

coupled to Said drive motor, 
actuation of Said drive motor causes Said control valve 

assembly to be positioned in Said Second control 
position, and 

deactuation of Said drive motor causes said control valve 
assembly to be positioned in Said first control position. 
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6. The track tensioning assembly of claim 1, further 
comprising an idler wheel, wherein: 

Said drive track chain is advanced around Said idler wheel, 
and 

Said Second end of Said Slave piston is mechanically 
Secured to Said idler wheel. 

7. An undercarriage assembly of a work machine, com 
prising: 

an idler wheel; 
a drive track chain which is advanced around Said idler 

wheel; and 
a track tensioning assembly for adjusting tension on Said 

drive track chain, Said track tensioning assembly hav 
Ing: 

(i) a main housing defining a main chamber, 
(ii) a recoil piston positioned within Said main chamber, 

Said recoil piston having a recoil central passage 
defined therein, 

(iii) a master piston positioned within Said recoil central 
passage, said master piston (a) increases fluid pressure 
in Said main chamber when Said master piston is 
positioned in a first master position, and (b) decreases 
fluid pressure within Said main chamber when Said 
master piston is positioned in a Second master position, 
and 

(iv) a slave piston having a first end positioned within said 
main chamber and a Second end extending out of Said 
main housing So as to be mechanically coupled to Said 
idler wheel, Said slave piston (a) urges said idler wheel 
in a first direction So as to increase tension on Said drive 
track chain when Said Slave piston is positioned in a 
first slave position, and (b) urges said idler wheel in a 
Second direction So as to decrease tension on Said drive 
track chain when Said Slave piston is positioned in a 
Second Slave position, 

wherein movement of Said master piston from Said first 
master position to Said Second master position causes 
movement of Said slave piston from Said first Slave 
position to Said Second slave position. 

8. The undercarriage assembly of claim 7, wherein: 
Said master piston is housed in a master housing having a 

master chamber and a master port defined therein, 
Said master housing is positioned within Said recoil cen 

tral passage, and 
Said master port fluidly couples Said master chamber to 

Said main chamber. 
9. The undercarriage assembly of claim 8, wherein: 
Said track tensioning assembly further includes a master 

check valve, 
Said master piston has a master central passage defined 

therein, and 
Said master check valve is positioned within Said master 

central passage. 
10. The undercarriage assembly of claim 8, further com 

prising (i) a hydraulic pressure Source, and (ii) a control 
Valve assembly, wherein: 

an input port of Said control valve assembly is fluidly 
coupled to Said hydraulic pressure Source, 

an output port of Said control valve assembly is fluidly 
coupled to Said master chamber, 

Said control valve assembly has a first control position and 
a Second control position, 

Said master chamber is fluidly coupled to Said hydraulic 
preSSure Source So as to position Said master piston in 
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Said first master position when said control valve 
assembly is positioned in Said first control position, and 

Said master chamber is isolated from Said hydraulic 
preSSure Source So as to position Said master piston in 
Said Second master position when Said control valve 
assembly is positioned in Said Second control position. 

11. The undercarriage assembly of claim 10, wherein said 
hydraulic pressure Source includes a hydraulic fluid accu 
mulator. 

12. The undercarriage assembly of claim 10, wherein: 
Said work machine includes a hydraulic drive motor for 

driving Said drive track chain, 
a pilot port of said control valve assembly is fluidly 

coupled to Said drive motor, 
actuation of Said drive motor causes Said control valve 

assembly to be positioned in Said Second control 
position, and 

deactuation of Said drive motor causes said control valve 
assembly to be positioned in Said first control position. 

13. A work machine, comprising: 
an idler wheel; 
a drive track chain which is advanced around Said idler 

wheel; and 
a track tensioning assembly for adjusting tension on Said 

drive track chain, Said track tensioning assembly hav 
ing: 

(i) a main housing defining a main chamber, 
(ii) a master piston positioned within Said main chamber, 

Said master piston (a) increases fluid pressure in Said 
main chamber when said master piston is positioned in 
a first master position, and (b) decreases fluid pressure 
within Said main chamber when Said master piston is 
positioned in a Second master position, and 

(iii) a slave piston having a first end positioned within Said 
main chamber and a Second end extending out of Said 
main housing So as to be mechanically coupled to Said 
idler wheel, said slave piston (a) urges said idler wheel 
in a first direction So as to increase tension on Said drive 
track chain when Said Slave piston is positioned in a 
first slave position, and (b) urges said idler wheel in a 
Second direction So as to decrease tension on Said drive 
track chain when Said Slave piston is positioned in a 
Second Slave position; 

a hydraulic drive System for driving Said drive track chain, 
Said hydraulic System is operable in (i) an actuated 
mode of operation in which said hydraulic drive System 
drives said drive track chain, and (ii) a deactuated mode 
of operation in which said hydraulic drive System is 
idle, 

wherein (i) said master piston is positioned in Said first 
master position when Said hydraulic drive System is 
operated in Said deactuated mode of operation, (ii) Said 
master piston is positioned in Said Second master posi 
tion when Said hydraulic drive System is operated in 
Said actuated mode of operation, and (iii) movement of 
Said master piston from Said first master position to Said 
Second master position causes movement of Said Slave 
piston from Said first Slave position to Said Second Slave 
position. 

14. The work machine of claim 13, wherein: 
Said master piston is housed in a master housing having a 

master chamber and a master port defined therein, 
Said master housing is positioned within Said main 

chamber, and 
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Said master port fluidly couples Said master chamber to 
Said main chamber. 

15. The work machine of claim 14, wherein: 
Said track tensioning assembly further includes a master 

check valve, 
Said master piston has a master central passage defined 

therein, and 
Said master check valve is positioned within Said master 

central passage. 

42 
16. The work machine of claim 13, wherein: 
Said track tensioning assembly further includes a recoil 

piston which is positioned within Said main chamber, 
Said recoil piston has a recoil central passage defined 

therein, and 
Said master piston is Secured within Said recoil central 

passage. 


